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SHI-HAO CHEN 

Abstract. On the basis a new conjecture, we present a new Lagrangian den- 
sity and a new quantization method for QED, construct coupling operators and 
mass operators, derive scattering operators Sf and Sw which are dependent 
on each other and supplement new Feynman rules. Sf and Sw together deter- 
mine a Penman integral. Hence all Feynman integrals are convergent and it 
is unnecessary to introduce regularization and counterterms. That the energy 
of the vacuum state is equal to zero is naturally obtained. From this we can 
easily determine the cosmological constant according to data of astronomical 
observation, and it is possible to correct nonperturbational methods which de- 
pend on the energy of the ground state in quantum field theory. On the same 
basis as the new QED, we obtain naturally a new SU(2)XU(1) electroweak 
unified model whose C = Cp+Cw > here C is left-right symmetric. Thus the 
world is left-right symmetric in principle, but the part observed by us is asym- 
metric because Cw and Cp are all asymmetic. This model do not contain any 
unknown particle with a massive mass. A conjecture that there is repulsion 
or gravitation between the W-particles and the F-particles is presented. If the 
new interaction is gravitation, W-matter is the candidate for dark matter. If 
the new interaction is repulsion, W-matter is the origin of universe expansion. 



1. Quantization for Free Fields 

1.1. Introduction. There are the following five problems to satisfactorily solve in 
the conventional quantum field theory (QFT). 

1. The issue of the cosmological constant. 

2. The problem of divergence of Feynman integrals with loop diagrams. 

3. The problem of the origin of asymmetry in the electroweak unified theory. 

4. The problem of triviality of lyS^— theory. 

5. The problems of dark matter and the origin of some cosmic phenomena. 

In brief, we present a new conjecture and a new quantization method, on the basis 
construct a self-consistent QFT without divergence, give a fully method evaluating 
Feynman integrals (see the second and third papers) and possible solutions to the 
five problems. 

Divergence of Feynman integrals with loop diagrams seems to have been solved 
by introducing the bare mass and the bare charge or the concepts equivalent to 
them. But both bare mass and charge are divergent and unmeasured, thus QFT 
is still not perfect. In order to overcome the shortcomings, people have tried many 
methods. For example, G. Scharf attempted to solve the difficulty by the causal 
approach^^l. Feynman integrals with loop diagrams are not divergent in some super- 
symmetric theories. But the supersymmetry theory lacks experiment foundations. 
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In fact, there should be no divergence and aU physical quantities should be mea- 
surable in a self-consistent theory. 

According to the given generalized electroweak unified models which are left- 
right symmetric before symmetry spontaneously breaking, asymmetry is caused by 
symmetry spontaneously breaking. In such models there must be many unknown 
particles with massive masses. Such models are troublesome and causes many new 
problems. Hence the origin of asymmetry in the electroweak unified theory should 
still be explored. 

More than 90% of matter in cosmos is not composed of the conventional baryons. 
Thus the problem of dark matter comes into being. Asymmetry of left-right and 
existence of dark matter imply that there is an unknown world. 

It is diSicult on the basis of the conventional QFT to solve the problems above. 
In order to solve the problems it is necessary to present a new conjecture. The new 
conjecture of the present theory is the conjecture. 

1. A new symmetry and a new Lagrangian density. 

Conjecture: Any particle can exist in two sorts of states F — particle 

described by Cp and W — particle described by Cw C = Cp + > 

and Cw arc independent of each other before quantization and dependent 
on each other after quantization. That the particles described hj Cp (F- 
particles) and the particles described by £w (W-particles) arc symmetric. 

We explain the conjecture as follows. 

That the F-particles and the W-particles arc symmetric imply that every particle 
in £f is accordant with a particle in £w and the properties of the two particles are 
the same, e.g., there are two sorts of electrons, i.e., F— electron and W^— electron. 
That Cp and Cw are independent of each other implies that there is no coupling 
between the fields in Cp and the fields in Cw, hence the energy determined by 
C p and the energy determined by Cw are respectively conservational and a real 
F-particle and a real W-particle cannot transform from one to another. But after 
quantization, Cp and Cw will be dependent on each other and the two sorts 
of virtual particles can transform from one to another. The relativistic theory is 
very perfect, and existence of negative energies is its essential character. We think 
that positive energies and negative energies depend on each other, not only are 
negative energies not a difficulty, but have profound physical meanings. Existence 
of antiparticles is only, in fact, a result of particle-inversion symmetry, and do not 
reveal the essence of negative energies. In frame of relativistic quantum mechanics, 
on the basis to reexplain the physical meanings of negative-energy states we can 
illuminate necessity and self-consistency of the conjecture in another paper. 

We call the conjecture the F-W (fire-water) symmetry conjecture. We may also 
call conjecture the L-R (left-right) symmetry conjecture since Cp and Cw describe 
respectively the left-hand world (matter world) and right-hand world (dark-matter 
world) and Cp + Cw is left- right symmetry. 

2. Transformation operators and a new method to quantize fields. 

Because particles can exist in the two sorts of states, we can define transformation 
operators which transform a F-particle into a W-particle or a W-particle into a F- 
particle, and can quantize fields by the transformation operators replacing creation 
and annihilation operators in the conventional QFT. Thus it is necessary that gj 
and ruef respectively become operators G p and Mp to be determined by Sw , and 
Qw and ruew respectively become operators Gw and Mw to be determined by <S/, 
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here Sw and Sj are the scattering operators respectively determined by Cw and Cp- 
Gf and Mp multiplied by field operators ij} and become the coupling coefficient 
9f{P2,Pi) and mass ruef (p) determined by scattering amplitude {Wf \ Sw \ Wi 
), and Gw and Mw multiplied by field operators ip and become gw{P2,Pi) 
and TTiew ip) determined by scattering amplitude {Ff \ Sf \ Fi ) . Thus after 
quantization, Cp and Cw will be dependent on each other. 
3. Two sorts of corrections. 

In the conventional QED, there are two sorts of parameters, e.g., the physical 
charge and the bare charge, and one of corrections originating S equivalent to 
Sf. In contrast with the given QED, there is only one sort of parameters defined 
at so-called subtraction point q2, qi and ql, i.e., 5/(^2,(71) = gw{q2,qi) = go and 
"iT^efiq) = mew{q) = WeO, and there are two sorts of corrections originating from Sw 
and Sf to scattering amplitudes, ^fo and rrieo-Thus Cp and £w together determine 
the loop-diagram corrections. When n-loop corrections originating from Sf and S^ 
are simultaneously considered, the integrands causing divergence in {Ff \ Sf \ Fi 
) or {Wf \ Sw \ Wi ) will cancel each other out, hence all Feynman integrals are 
convergent. For example (see third chapter), the one-loop correction to mass of a 
free F-electron is 



5m = (g) = m^y^(g) + m^^^Jq) 

_ Sma /" 4 / 1 1 

4i^y t (fc2 + m2)2 (fc2 + rn^y 

where m^'^^j originates from Sf , TOg^-*^ originates from Sw, and the superscript 
(1) denotes 1-loop correction. Thus it is unnecessary to introduce counterterms 
and regularization. We give a set of complete Feynman rules to evaluate Feynman 
integrals by the new concepts (see the second and third papers). 

It should be pointed that in the meaning of perturbation theory, for initial states 
and final states with given momenta, e.g., the momemta at the subtraction point, 
we can give the absolutely precise coupling coefficients and masses, and from this 
give absolutely precise £p ^ , , Hp ^ , h'^^ , S^^^ and Sw ^ . But for arbitrary initial 
states and final states, we cannot give the absolutely precise coupling coefficients, 
masses, Cp , Cw, 'Hp, Hw, Sf and Sw- In fact the coupling coefficients and masses 
will be corrected by n-loop diagrams. For arbitrary initial states and final states 
S'"^^ and Sw ^ etc., are only approximate. Of course, by iSj"'' and Sw ^ we can obtain 
scattering amplitudes approximate to arbitrary n-loop diagrams. 

4. {0 \ H \ 0) = Eq = Eqp + Eqw = is naturally derived, thereby wc can easily 
determine the cosmological constant according to data of astronomical observation, 
and it is possible to correct nonperturbational methods which depend on the energy 
of the ground state in QFT. 

5. Generalizing the present theory to the electroweak unified theory, we will 
see a possible origin of symmetry breaking. Accoding to this model, the world is 
symmetric on principle since C = Cw + Cp is symmetric, but the world observed 
by us is asymmetric since Cw or Cp is asymmetric. In this model there is no 
unknown particle with a massive mass (see the third paper). 

6. Because there is no interaction between the two sorts of matter by a given 
quantizable field, the only possibility is that there is repulsion or gravitation be- 
tween the two sorts of matter. If the new interaction is gravitation, W-matter is the 



1=0, (1.1.1) 
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candidate for dark matter^^l . If the new interaction is repulsion, it is possible that 
the new interaction is the reason for the expansion of cosmos. It is also possible 
that there is new and more important relationship between the two sorts of matter. 

By the conventional creation and annihilation operators in the conventional QFT 
wc can also obtain the similar results, provided we suppose L = Lp +J^w and 
that gf and m/ are determined by iS,„ and Qw and rriw are determined by Sf (of 
course, in this case this conjecture is not natural). It is also possible to obtain the 
same results, but that F-particles possess positive energies and W-particles possess 
negative energies, provided C p and Cw are independent of each other in classical 
meanings. 

The present theory contains four parts. The first part takc;s QED as an example 
to illuminate the method to reconstruct QFT, and give the solutions to the issue 
of the cosmological constant and the problem of divergent Feynman integrals in 
QED. The first part is the present paper. The second part discuss the problems on 
dark matter 1^1. The third part discusses the problem of the origin of asymmetry in 
the electroweak unified theory in detail. The fourth part discusses the problem of 
triviality of y;^— theory. 

The outline of this chapter is as follows. 2. Lagrangian density; 3. Quantization 
for free fields; 4. Energies and charges of particles; 5. Subsidiary condition; 
6. The equations of motion; 7. The physical meanings of that the energy of the 
vacuum state is equal to zero; 8. Summary. 

The contents of the rest are as follows. 

Section 2. Coupling Operators and Feynman Rules 

1. Introduction; 2. Interacting Lagrangian density, Hamiltonian density and 
equations of motion; 3. Coupling operators and mass operators; 4. Expansion of 
the Hamiltonian; 5. Scattering operators and Feynman rules; 6. Summary. 

Section 3. One-loop Correction and Supplementary Feynman Rules 

1. Introduction; 2. Two sorts of correction; 3. The first sort of 1-loop 
corrections: 4. The second sort of one-loop corrections and the total one-loop 
corrections; 5. n— loop corrections for the coupling constants and the masses; 

Section 4. Generalize to the SU{2) x U{\) electroweak unified model and inter- 
action between W-matter and F-matter 

1. Generalize to the SU{2) x electroweak unified model; 2. Interaction 
between W-matter and F-matter. 

Section 5. Conclusions and prospects. 

Caption for figures. 

Appendix A; Appendix B; Appendix C. 
1.2. Lagrangian density. We suppose the Lagrangian density for the free Dirac 

fields and the Maxwell fields to be 

(1.2.1) Cq = Cfq+C,wo, 

(1.2.2) Cfo = -V^(a;)(7^a^ + m)V'(a;) - ^d^A^d^A,, 



(1.2.3) 



^wo = ±{x){l^,d^ + m)i}{x) - -d^A^d^A^, 
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(1.2.2) and (1.2.3) imply the Lorentz gauge to be already fixed . The difference 
between (1.2.1) and the corresponding Lagrangian density in the convertional QED 
is Cwo which describes motion of particles existing in the other form. We call if), 
A^^ tj) and A^ the F-electron field, the F-photron field, the W-electron field and the 
W-photron field, respectively. The signs of the fermion parts in Cp and Cw are 
opposite, the signs of the boson parts are the same. The difference comes from the 
difference of property of fermion and boson. This difference is not essential. The 
key of matter is that F-particles and W-particles are symmetric. In fact, redefining 
field operators by transformation operators, we can also have Cp and Cw to be 
symmetric. 

The conjugate fields corresponding to the fields are respectively 

(1.2.4) TT^ = = TT^ = = A^, 

dip dAn 

(1.2.5) TTv, = ^ = -ii)^, 7r„ = = i„. 
^ ^ - dip - dA^ 

Prom the Noether's theorem, we obtain the conservational quantities 

(1.2.6) Hq = HpQ + Hwo, 

(1.2.7) HpQ = j d?x[i,+Ho ■iP+^[a^-A^ + djA, ■ djA^] , 

(1.2.8) Hwo = -l cfxiil+Ho ■t-liA^-A^ + djA, • djA^)], 

(1.2.9) Q = Qp + Qw, Qf = J d^'xip-^ • V', Qw = J d?xi^ ■ ijj^. 

A 

where Hq = 74 {'Jjdj + m) . The global gauge transformations corresponding to 

(1.2.9) are 

(1.2.10) ip ^ ip' = e'^ip, ■tp_^'tl/ = e-'"-ip. 

The Euler-Lagrange equations of motion being derived from the Hamilton's varia- 
tional principle are 

(1.2.11) = Hoip, DA^ = 0, 

(1.2.12) i^^t=H,±, ^^^ = 0. 

It is seen from (1.2.11)-(1.2.12) that although £i?o 7^ Cwo, the equations satisfied by 
ip and A^ are the same as those satisfied by ip and A^, respectively. This implies 
that for a relativistic physical system, only equations of motion are insufficient 
for corrective description of all properties of the system. A complete Lagrangian 
density is very necessary. 
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When ip, etc., are regarded as the classical fields and 
(1.2.13) d^A^ = d^A^ = 0, 

ip and V can be expanded in terms of the complete set of plane-wave solutions 



1 



(1.2.14) —upse'"'', -j=Vpse-'P\ s = l,2, 



where pa; = px — E^t, Ep = y/p"^ + rv?, and and -A^ can be expanded in terms 
of the complete set 

(1.2.15) ^^=e^„e±*'=^, 

where fcx = kx — Wki, =|k|,A=l,2,.To get a completeness relation, it is 
necessary to form a guartet of orthonormal 4- vectors 

e\ = (4,0), e|= (4,0), e| = -[A; + r?(fcr?)]/fcr/, r? = (0,0,0,i), 
Moreover, all four vectors are normalized to 1, i.e.. 



1.3. Quantization for free fields. 

1.3.1. Field operators and equations of motion. We now regard ip etc., as quantum 
fields. 4'j 'A ^-nd A^ as the solutions of the equations of the quantum fields 
(1.2.11) — (1.2.12) can also be expanded in terms of the complete sets (1.2.14) and 
(1.2.15) , respectively, only the expanding coefficients are all operators. Thus we 
have 

(1.3.1) Vo (^) = ^ E (^p ^ «P«(*) I ^pse''"'+ I bpsit) ^ /(_p)^;p«e-'P-) , 



ps 



k 

4 



• E < Uk < ^kA(t) I 6'"^^+ I CkA(t) ^ J(_k)e"^''") ' (1-3-2) 

(1.3.3) ^ (a;) = ^ (I 6p,(t) > IpUp.e'^- + /(_p) < apM I ^^pae-^^^ , 



QUANTUM FIELD THEORY WITHOUT DIVERGENCE A 



7 



E < (I SkA W ^ J(-k)e^'^^ + Jk < Ck;, W I e-*^-) , (1.3.4) 



A=l 



(a;) 



^ E (l «P« W > Ip<e-P- + /+ < 6p,(t) I t;+ e^P-) ,(1.3.5) 



ps 



71-0^ = Ao^ (a;) = E 



4 

■ E < {L < ^kA(0 I e*''- I CkA(0 > i(-k)^""'") ' 



A=4 



(1.3.7) 



2Eo^ — dio(n (a;) — E 



• E < (I £kA > i(-k)e*^ - jk < I e-"'-) , (1.3.8) 



A=l 



CkA > 



CkA > = 



CkA A = 1,2,3, 

-|CkAS5,A = 4 ' 

CkA ^, A = 1,2,3, 
-|ckA^,A = 4 ' 



(1.3.9a) 

(1.3.9b) 



< aps(i) \=< I e 



bps(i) ^=1 bps ^ e'^-' 



aps(i) ^=1 Ops ^ e''^'"*, ^ 6p,(t) \=t bps \ e-^^^ 



t CkA(t) CkA I e-*"^"*, I CkA(t) ^ = 1 CkA ^ e' 



^ps 



psV 



I Ck,(t);5=|ck, ^e— <CkAW l=<CkA le^""*. (1.3.10) 

We call such operators as Ip < aps(i) | and | Cj^^t) ^ jk transformation operators. 
Such an operator as ^ Q,pg{t) | changes as time, and 7p and jk etc. do not change. 
In the Hciscnbcrg picture the evolution of a quantum field system as time is carried 
by the field operators according to the equations of motion 



(1.3.11) 



F=-i[F,Ho] = -i[F,HoF], 
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(1.3.12) W = i[W, Ho] = I [W, How] , 

where F = ipoi^)^ V'o (a;), Aof_,{x), 7ro^(x), | Upsit) ^, | bps{t) ^, | Ck\{t) ^, t 
aps{t) I, t bps{t) I and < Ckx{t) ], W = }l^{x), ^j^ix), Ao^(a;), ]Loi^{x), | ap^(f) ^, 

I bpsit) ^- I CkA(*) ^> < &psit) l> < ^ps(*) I and t Q^^it) I • The equation (1.3.11) is 
well-known as the Heisenberg equation, while (1.3.12) is a new equation of motion. 
Wc will sec 

(1.3.13) [How, Hop] = [Hof,Ho] = [How,Ho] = 0, 

hence HoF and How are the constants of motion. Thus, from (1.3.11) — (1.3.13) 

we have 

(1.3.14) F (t) = e'^o^F (0) e"'-^"* = e'^'^'^F (0) e-'"""*, 

(1.3.15) W [t) = e-'"°*W (0) e'"°* = e-'"'^°*W (0) e'^^°*, 

(1.3.11) -(1.3.12) are consistent with (1.2.11) - (1.2.12), and (1.3.14) -(1.3.15) 
are consistent with (1.3.10) . 

1.3.2. Properties and multiplication rules of the transformation operators. 1. A 
transformation operator as Ip ^ a^g | is regarded a whole, hence the order of its two 

parts cannot be reversed, though Ip and ^ a^g \ can be be separated, say, Ip ^ | 
and I CkA ^ j/ cannot be written as ^ a_j, | Ip and j. . | CkA respectively. 

— (— kj f — (— kj 

When Ip and ^ Upg | do not constitute a transformation operator, they can 
exchange their order. Hence this property should be regarded as a definition for 
transformation operators. 

2. Commutators or anticommutators of such operators as < apg | and | Ups ^ . 
Such an operator in the form ^ tips | is equivalent to an annihilation operator 

ttps , and such an operator in the form | Opg > is equivalent to an creation operator 
a+g in the conventional QED. Thus, let a = a,b, a and h,^ = c and c, we have 

(1.3.16) {s; a„(t) 1, 1 V.-W 5} = *.«'*pp"'..' 

(1.3.17) 1. 1 7, ,,.(«) « = { '^it^.' = . 

The other commutators or anticommutators are all zero. 

3. States and inner products of states. 

(1.3.16) and (1.3.17) are the same as the anticommutation relations and the 
commutation relations of the conventional QED, respectiveky. As the conventional 
QED, from (1.3.16)-(1.3.17) we see free fermion states and n-photon states to be 

(1.3.18) I ap,) =1 aps ^| 0), {ups |= (0 |< Ups |, 
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nkx) = 



CkA I 0), 



Ka I =(0|«CkA|r 



(a 



;kA 



(1.3.19a) 



(1.3.19b) 



The other sort of representation is in appendix A. Considering (1.3.16)-(1.3.17) and 

t ap, I 0) =t 7kA I 0) = (0 I ap. (0 | 7kA ^= 0, 
(0 I 0) = 1, (1.3.20) 

we obtain the inner products of states to be 

(1.3.21) {aps I • I ap,y) = {apg \ a'p,^,) = Saa'6pp'S^^' , 



(1.3.22) 



(7kA I • I 7k, = (TkA I 7k, x'> 



'577'^kk'^AA'''^= 1'2,3, 
-^TT'^kk'^AA'''^ = 4 



(1.3.23) 



{0ps I • I 7kA) = 0. 



4. Inner products of Ip , Jp ,/p, and Jp. 

The original form of transformation operators is the same as | 0.^^) ^ Upg 
Ks ^ (^ps I I ^^■) ^ SkA I' ^'^d their essential meanings are 



^ps) < Ops II aps) =1 Ops), {bps Pps ^ (^p 

CkA) <CkA II CkA) =1 CkA)- 



(1.3.24) 



By such transformation operators wc can construct a new QFT from which the 
same results as the present papers can be derived with more complicated discus- 
sion. In order to compare the new QFT with the conventional QFT, we write the 
transformation operators as the following form. 

«ps) < aps{t) 1=1 ap,)i:+ • Ip t aps{t) I, 
KM ^ {bps 1 = 1 b^M ^ I(-p) • Lt-p^{bps \, 

CkA) < CkA(t) 1 = 1 SkAUj - Ik < CkA(i) I, 

bps)tbpM h|6p,)/+-/p<5p,(t) I, 
aps) < ap^it) H aps)I^^p) ■ /(_p) < ap,{t) \, 

CkA) t CkA(0 hi CkA)^k • -^k t CkA(0 I • 



(1.3.25) 



where ■ Lp = ' iZk = -^p ' -^p = -^k ' -^k = 1- For the cause of mathematics 
we introduce /p etc.. In orter to easily deal with problems, now we divide such 
operators into two parts. For example, we divide | apg)I^ ■ I_p ^ a.ps{t) \ into 
I aps)Lp a-nd /p ^ aps{t) |, leave such a part as | apg)/p to belong a coupling 
operator or a mass operator (see below), and leave such a part as Ip ^ aps | to 
belong a field operator and also call it a transformation operator. 
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Let if = Jp, /+, /p, /p , Jk and Jj^. Their properties and the multiphcation rules 
are as follows. 




(1.3.27a) (V , Ip) = It' ■Ip=Ip- Ip' = SPP' 



Similarly, we have 




The other inner products are all zero. (1.3.27b) 




5. Multiplication rules and commutation or anticommutation relations for the 
transformation operators. 

When multipling a transformation operator containing a factor K by other oper- 
ator containing a factor K, we define the product to be such an operator obtained 
after achieving multiplication of the two K's , i.e., 



where A, B = ^ aps(i) | etc. or | bps) etc., when bath A and B are fermion oper- 
ators, (1.3.28b) takes and otherwise takes '+'. K can be constructed by states 
(sec appendix B), but this is not necessary. It is obvious that only transforma- 
tion operators can not form a closed algebra. A product of two F-transformation 
operators (two W-transformation operators) is a F-operators which transform a 
F-statc into other F-statc (a W-opcrators which transform a W-statc into other 
W-state ). The F-transformation operators and the F-operators form a closed alge- 
bra. The W-transformation operators and the W-operators form a closed algebra. 
It can be seen from (1.3.27 ) that the product of a F-transformation operator and 
a W-transformation operator must be equal to zero. 

When many operators containing K multiply, associative law does no longer 
hold water. Hence we should appoint the associative order of such the operators. 
But the complicacy cannot appear in fact, since after Lagrangian or Hamiltonian 
density is construced by completing the products of two field operators and the 
products of field operators and coupling operators or mass operators (sec second 
paper), thus Lagrangian or Hamiltonian density does no longer contain K so that 
multiplication of many operators containing K will not appear. In interaction parts 
of Lagrangian or Hamiltonian density that every field operator directly multiplies 
by a coupling operator or a mass operator will be defined. 

When a transformation operator and a operator not containing K multiply, the 
multiplication rule is the same as usual. 

It is obvious that an essential difference between transformation operators and 
the creation or annihilation operators is the factor K . 



AKa ■ KbB 
KbB- AKa 
KbB ■ KaA 



[A,K] 



A{Ka ■ Kb)B, (1.3.28a) 

±A{Ka - Kb)B, (1.3.28b) 

{Kb ■ Ka)BA, BKb ■ AKa = BA{Kb ■ ii'A)(1.3.28c) 

0. (1.3. 28d) 
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From (1.3.16)-(1.3.17), (1.3.27)-(1.3.28) and (1.3.1)-(1.3.8), we easily derive the 
comrautation or anticommutation relations of the transformation operators and 
the field operators. 

Up < ap,{t)\,\ap,.At)^r^,} 

= Ulp<6p.(t) u v.'W^^I-p'} 

= [Jktc^xit)l\ck,y{t)^J+]=0, (1.3.29) 
U^p < apsW Map's' W>^-P'} 

= Up<^p.W U Vs'W >^p' 

= [Jktc^^{t)\,\c^,y{t)^J+]=0, (1.3.30) 

(1.3.31) {VJx,t),Vj(y,t)} = {^„(x,t),V;3(y,t)} = {iP+i^,t),i;+{y,t)} = 0, 

(1.3.32) [A^(x, t),7r,(y, t)]=[A^(x, t),A,(y, t)]=[7r^(x, t),7r,(y, t)] =0, 

(1.3.33) {l^ix,t),l+{y,t)} = {l^{x,t),l^{y,t)} = {V>+(x,t), V^J(y,t)} = 0, 

(1.3.34) [^^(x,t),7r,(y,t)] = [A^(x,t),A,(y,t)]=[7r^(x,t),7r,(y,t)] =0. 

The others arc all zero as well. The commutation or anticommutation relations are 
different from those of the convertional QED. 

The new QFT seem to be more complicated than the conventional QFT from 
the rules above, in fact it is not true since regularization and counterterms are no 

longer necessary in the new QFT. 

1.4. The energies and charges of particles. From (1.2.7) — (1.2.9), (1.3.1) — 
(1.3.8) and (1.3.26) - (1.3.28) we obtain 

Hfo = ^Ep{\ Ups aps\ + \ bps bps |) 

ps 

3 

+ '^^kC^ I CkA >^ CkA I - I Ck4 Ck4 I), (1-4-1) 

k A=l 

Hwo = ^Ep{\ bp^ X ftps I + I ^ps ^< &ps I) 

ps 

3 

+ X]'^k(X] I CkA XCkA I - I Ck4 ^<Ck4 I), (1-4-2) 

k A=l 

(1.4.3) Qp = Y^{\ aps aps I - I ^s X bps |) , 

ps 

(1.4.4) = ^ (_ I bp, &pj + I ap, ap, |) . 
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From (1.4.1) and (1.4.2) we see that energies are positive-definite and (1.3.11) and 
(1.3.12) are consistent with (1.3.10), respectively. It is easily seen from (1.4.1) — 

(1.4.4) that 

(1.4.5) (a I iJo I a) = (a I i^o k), 



(1.4.6) {^\Q\o_) = {a\Q\a), 

where u = Orps, bps, CkA. 

The Hamiltonian and charge operators can also be written as 

(1.4.7) Hfo = j Sx: [i;'+Ho^' + ^ (^A' ^A' ^ + OjA'^djAl^ ] :, 

(1.4.8) Hwo = ~j d'x : [{l+Ho± - \iA^A^ + d^A^^dj^,)] :, 

(1.4.9) " / '^^^ '' j '^^^ ■ - ■' 

where the double-dot notation : • • • : is known as normal ordering. An operator 
product is in normal ordered form if all operators as | a 5^ stand to the left of all 
operators as ^ a | . In (1.4.7)-(1.4.9), 

(1.4.10) Vo i^) = ^Yl '^P«(*) I "P«e*"+ I bpsit) ^ %«e-'P-) , 



4 



(1.4.11) A',^ = ^ E < CkA(i) I e*-+ | c^t) ^ e"* 

(1.4.12) i^) = ^J2 (I W > < «p. W I %«e-'P-) , 



PS 

4 



(1.4.13) 4 (^) = ^ E 7^ E < (I £kA(i) ^ ^ &,(*) I e-'"--) 



(1.4.14) TT^,^ = iVoj.) = 7^ E (I '^P«(*) ^ < 6p,(i) I <,e'P-) 

""O/n = ^Om (^) 

= ^ E \/^E < '=kA(f) I e^*-^- I CkA(0 > e-*--) ,(1.4.15) 

(1.4.16) TT^,^ = -iV:;,+ (a;) = ^ E ^p« W I | a^^it) > t^+e^^'i , 
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(1.4.17) = X^^ = -±Y.^j2< (I £kA(t) ^ e'"^-- ^ CkA(i) I e-*-) , 

where the operators | aps(f) ^ etc., are the same as (1.3.10). From (1.3.16)-(1.3.17) 
and (1.4.10)-(1.4.17) we have 

(1.4.18) {V;(x,i),^^+(y,t)} = {f^{^,t),i/+{y,t)} = 5(x - y)5„^, 



(1.4.19) [4(x,i),7rUy,i)] = \A'^{^,t) , Trl^iy ,t)] = i<5(x - y)^- 

All other anticommutators and commutators are zero. (1.4.18)-(1.4.19) are the 

same as those in the convintional QED. In contrast with the conventional QFT, 
(1.4.1)-(1.4.4) or (1.4.7)-(1.4.9) are the deductions from the multiplication rules 
(1.3.28), and propagators can be deduce from (1.3.16)-(1.3.17) or (1.4.18)-(1.4.19) 
(sec (2.5.9)-(2.5.12)). Hence in present theory, (1.4.1)-(1.4.4) or (1.4.7)-(1.4.9) 
(thereby (0 | | 0) = 0) and (1.3.16)-(1.3.17) or (1.4.18)-(1.4.19) are self-consistent. 
In the conventional QFT, both propagators and Hamiltonian are deduced from 
(1.4.18)-(1.4.19), hence it is inevitable that (0 | | 0) is divergent or (0 | iJ | 0) = 
and to introduce the definition of normal products which is equivalent to 

{V'„(x,f),^;+(y,t)} = {r^{^,t),r^+{y,t)}^0, 

[A;(x,f),7rUy,t)] = [4;(x,t),7rUy,i)]=0. 

Thus the conventional QFT is not self-consistent. 

1.5. Subsidiary condition. After the Maxwell field is quantized, the Lorentz con- 
dition (1.2.13) is no longer applicable. From (1.4.11) and (1.4.13) we have 



(1.5.1) {d,A'^)+ = 7^^^ I ^ "''^ 



ikx 



(1.5.2) (a^4)- = E ^k3 I -i < |)e-''=^ 
Thus we define the subsidiary condition to be 

(1.5.3) {d^A'X \cp)=0, 



(1-5.4) (5^4) \c^) = 0. 

I Cp) and I Cp) are known as F-physics state ket and W-physics state ket, respectively. 
From (1.5.1) - (1.5.4) we obtain 

(1.5.5) |cp)=|cT){l + E/(k) |cpk> + ---+ E /(ki---k„) I Cpk,---Cpk„)}, 

k ki - kn 
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I Cp)=|cT){l + E/W l%k)+--- 
k 

)}, (1.5.6) 

ki-k„ 

where | Ct) and | Cj) are states containing only transverse photrons, and 
(1-5.7) I Cpk) =1 Ck3) + i I Ck4), 

(1-5-8) Upk)=Uk3)+*Uk4)- 

Prom (1.4.1)-(1.4.2) and (1.5.5)-(1.5.8) we obtain 

(Cpk I Cpjj' ) — (Cpk I Cp^i ) 

= (cpk I Ho I Cpk) = (Cpk I Ho I Cpk) = 0, (1.5.9) 

(1.5.10) (Cp I Cp>) = {CT I Cj,'), (Cp I Cp') = (Cj, I Cj,'), 

{cp I Fo I Cp) = {cT I Ho I ct), 

(Cp I Ho\c^) = {ct\Ho\ct), (1.5.11) 

1.6. The equations of motion. From (1.3.1) -(1.3.4) , (1.3.6) , (1.3.8) , (1.4.1) and 

(1.4.2) , we have 



(1-6.1) i-^ = [%,HFo]=Ho%, 

(1-6.2) i^^-[to'^^°^=^°t,' 

(1.6.3) ^ = [^OM. Hpo] , ^ = -i[Aof.Hpo] = V^Aq^, 

9j4 dA 

(1.6.4) ^ = *[Ao^,i?v^o], = i\Ao^,Hwo] = V^Ao^. 

(1-6.5) i^=yj'o,HFo]=Hoi^o, 

(1.6.6) i-lf = -[^!o^Hwo]=Hoij;^, 

dA' dA' 

(1.6.7) ^ = -i [A'o^, Hro] , = -ilA'o^Hpo] = A^,^, 
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dA' dA 

(1.6.8) = i[A^^,Hwo], = i[Ao^,Hwo] = V^A^.^. 

Since [Ho.Hpo] =[Ho.Hwo] = , Hpo and Hwo are the constants of motion. Thus 
we obtain (1.3.11)-(1.3.12) and 

(1.6.9) Vo (x,i) = e'^-°Vo (x, 0) e"'^-"*, 

(1.6.10) ^ (x,t) = 60'""^°*^/^ (x, 0) e*^"-"*, 

(1.6.11) A'o^ (x,i) = e'"-°'A'o^ (x, 0) e''^-*, 

(1.6.12) A:,^ (x,i) = e-^^-"*A^^ (x, 0) e'"«»\ 

As seen the equations (1.6.1) — (1.6.4) are consistent with (1.2.11) — (1.2.12), re- 
spectively. 

1.7. The physical meanings of that the energy of the vacuum state is 
equal to zero. From (1.2.6), (1.4.1) and (1.4.2) we obtain that the energy of the 
vacuum state, 

(1.7.1) Eo = {0\Ho\0)= 0. 

It is easily seen that (1-7.1) is not relative to the definition for multiplication of 
transformation operators. (1.7.1) holds water provided Hq is composed of transfor- 
mation operators. The result is in contrast with the given QED. According to the 
given QED, before redefining Hq as normal-ordered products Eq ^ 0. After redefin- 
ing Hq as normal-ordered products, Eo = O.This definition is, in fact, equivalent to 
demand 

{ap^<,apj = {?>ps,&pj = [ckA,ci^A] = 0' 
in the conventional QED. But in fact these commutation relations are equal to 1, 
and in other cases, e.g. in propagators, they must also be 1. Thus the conventional 
QFT is not consistent. In fact, this definition only transfers the divergence difficulty 
of the energy of the ground state. We may arbitrarily choose the zero point of energy 
in quantum field theory. But in the theory of gravitation, if Eq ^ 0, £"0 will have 
gravitational effect. Hence we are not at liberty to redefine Eq = . Thus the 
knotty problem of the cosmological constant arises in the c;onventional QFT and 
the relativistic theory of gravitation!^]. In the present theory Eq = 0, hence the 
density of the energy of the vacuum state p^^^^ = 0. Thus, it is seem that from the 
equation of gravitation field 

-^/^i^ ~ 2^1^"^ ~ ^9lMv = -8itG {Tfjt„ — Pyacdnv) , 

and astronomical observation values we can easily determine the cosmological con- 
stant A. But when to generalize the new QED to the standard electroweak model, 
expectation valves of Higgs fields are not equal to zero. Thus in order to solve 
the cosmological constant problem, we must consider contribution of Higgs fields. 
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Considering Higgs fields, in another form of the same idea we can also obtain 



Eq = Epo + Ewo — (see hcp-th/0203230 ). Thus the cosmological constant A can 



be determined according to astronomical observation values. We will discuss the 
cosmological constant problem in another paper. 

We second simply discuss the correction originating from i?o = to a nonper- 
turtational method in quantum field theory. 

When one evaluates the energy of a system by a nonperturtational method, e.g., 
a Hartree-type approximation , it is necessary to subtract the zero-point energy 
EqK According to the given quantum field theory Eq 0, while according to the 
present theory Eq = 0, hence we will obtain different results in nature. 

We will discuss the two knotty problems above in detail in other papers. 

1.8. Summary. We have presented a new conjecture. According to the conjec- 
tures, a particle can exist in two forms which are symmetric. From this we have 
presented a new Lagrangian density and a new quantization method for QED. That 
the energy of the vacuum state is equal to zero is naturally obtained. From this the 
cosmological constant is easily determined by astronomical observation values and 
it is possible to correct nonperturbational methods which depend on the energy of 
the ground state in quantum field theory. 

2. Coupling Operators and Feynman Rules 



2.1. Introduction. In the preceding chapter, we have presented a new Lagrangian 
density C — Cp + i have defined the transformation operators and have quan- 
tized free fields by the transformation operators. Thus, in order to quantize in- 
teracting fields, it is necessary to transform the coupling coefficient gf and the 
electromagnetic mass ruef in Cp respectively into a coupling operator Gp and a 
mass operator Mp, and to transform and mew in respectively into opera- 
tors Gw and Mw ■ In the present chapter we will construct the coupling operators 
and mass operators, derive scattering operators S^, Sf and Feynman rules. We will 
see that Gp and Mp are determined by S-u, , and Gw and Mw are determined 
hy Sf. Gp and Mp multiplied by field operators %p and become the coupling 
coefficient 5/(p2,Pi) and the mass rrief (p) determined by the scattering amplitude 
{Wf \ Sw \ Wi) , and Gw and Mw multiplied by field operators and become 
9w[p2,Pi) and mew (p) determined by the scattering amplitude {Ff \ Sf \ Fi) . It 
is seen that after quantization, Cp and Cw are dependent on each other. 

We think that for a self-consistent theory, there should be only one sort of phys- 
ical parameters which are measurable and finite, and there is no other sort of 
parameters which are unmeasurable and divergent as the bare mass and the bare 
charge in the convertional QED. The mass m^Q and the coupling constant gQ defined 
at the so-called subtraction point are the parameters of the sole sort. From this 
we can determine L^p' and >c[^\ thereby determine scattering operators S^p and 

Sw^ . S^ and Sw"^ determine together the one — loop corrections to the coupling 
constants and the masses, thereby determine the one — loop corrections of scat- 
tering amplitudes as well. Thus we can derive Sw~^°°^\ and 5"!""'°°?) 

and sin order by order. We will see that the integrands causing divergence 

in a total correction cancel each other out. Thus all Feynman integrals will be 
convergent, and it is unnecessary to introduce regularization and counterterms. 
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2.2. Interaction Lagrangian density, Hamiltonian density and equations 
of motion. Prom (1.2.1) — (1.2.3) we can construct a Lagrangian density 



(2.2.1) C = £fo + jCwo + £fi + jCwi, 

(2.2.2) £fo = -tp{x){'j^dij, + ■m)tp{x) - ^d^A^d^A^, Cpi = igtp^^Ai^tp, 

(2.2.3) Cwo=±{x){-ff,d^ + m)tp_{x)-^du,A^d^A^, £wi = ig}h^A^±, 
which is invariant under the following gauge transformation. 

(2.2.4) V^/ = e'^^, ^^V'' = V'e"*^ 

(2.2.5) A^^ A'^=A^+d^e{x), 

(2.2.6) ■ip^'ij/ = e-'^±, ^e'^ 

(2.2.7) A^.^£^.=A^. + d^e{x), 



where ip,Afj_,ip and A^ arc regarded as the classical fields, and g and m are con- 
stants. After quantization, as mentioned in the first chapter, field operators are 
composed of transformation operators, hence g and m must become respectively a 
coupling operator and a mass operator, i.e., in (2.2.2) , 

m m'p = m + {m'p - rnj = m + Mp, g ^ Gp ; 

in (2.2.3) , 

m — > My^r = m+ (^M^ — rnj =m + Mw; g — > Gw', 

here all Mp, Gp , Mw and Gw are operators. Gf, Gw, Mp and Mw are deter- 
mined on the basis of the gauge and Lorentz invariance of the Lagrangian density 
(2.2.1) . Thus we have 

(2.2.8) Cpi = ■ Gp ■ A^i} - ^ • Mf • V, 

(2.2.9) Lwi = itl^ ■ Gw ■ A^i^ + ±-Mw±, 

In (2.2.8)-(2.2.9) every field operator directly multiplies by a coupHng operator or 
a mass operator. From (2.2.1), (2.2.8) and (2.2.9) we obtain the Hamiltonian to be 

(2.2.10) H = Hp + Hw, 



(2.2.11) 



Hp = Hpo + Hpi , Hw = Hwo + Hwi , 
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Hfo = J d^x[tP^-f4 {-fjdj + m) • V + ^ (^^M • + djA^dj ■ A^^ , 
Hwo = j d^x[-{±+^4i^jdj +m)-±+^{A^-A^ + djA^dj ■ A^)], 



(2.2.12) Hfi = I d^xHpi = - I d'^xC 



-FI, 



(2.2.13) Hwi = j d^xHwi = - j d^xCwi- 

The Euler-Lagrange equations of motion can be derived from (2.2.1) , (2.2.8) and 
(2.2.9). 

d 

(2.2.14) i—ij = 74 {-/jdj ~ i-i^Gp ■A^,+m + Mp-) V, 

(2.2.15) UA^ = -i^7^ • Gf • V, 

(2.2.16) = 74 {^^dj + i^^Gw ■A^, + m + Mw) ±, 

(2.2.17) nA^ = -{±-f^-Gw±. 

In the Heisenberg picture the evolution of a quantum field system as time is carried 
by the field operators according to the equations of motion as well, 

(2.2.18) F = -i [F, H] = -i [F, Hp] , 

(2.2.19) W = i[W,H]=i[W,Hw], 

where F = ip{x), tp^{x), Af,{x), 7r^(x), | aps{t) | bpsit) ^, | CkA(i) aps{t) |, 
< 6p, (t) I and < CkA (t ) I , and = ^(x) , ^+ (a;) , (x) , TT^ (x) , I flp, (i ) > , I 5p, (t) > 
> I Q.kx{t) < ^psit) l> ^ hpsit) I and <; c^^{t) \ . It can be proven that (2.2.18) and 

(2.2.19) are consistent with (2.2.14) — (2.2.17) , respectively (see appendix C). The 
equal-time anticommutation and commutation relations are the same as (1.3.16)- 
(1.3.17) and (1.3.29)-(1.3.34), respectively. The equation (2.2.18) is well-known as 
the Heisenberg equation, while (2.2.19) is a new equation of motion. It is easily 
seen from (2.2.10) - (2.2.13) that 

(2.2.20) [Hf,H] = [Hw,H]=0, 

hence Hp and Hw are the constants of motion. Thus, from (2.2.18) and (2.2.19) 
we have 

(2.2.21) F {x,t) = e'"'F (x,0) e"*^* = e'^'-^F (x,0) e''^'-^ 

(2.2.22) W (x,i) = e-'"*W (x,0) e'^* = e-'^'^^W (x,0) e'^"'*. 
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At a given time, say t = 0, we can still expand the field operators in terms of 
their Fourier components as (1.3.1) — (1.3.8), provided let i = in (1.3.1) — (1.3.8) . 
Of course, in this case we cannot interpret < <kpg{t) |, | bps{t) ^, etc., as single- 
particle annihilation or creation operators. Passage from time i = to i involves the 
replacements (1.3.1) - (1.3.8) by (2.2.21) - (2.2.22) . After completing the products 
of two field operators and the products of field operators and coupling operators 
or mass operators, Lagrangian and Hamiltonian densities does no longer contain 
K — factor. Thus, that many operators containing K multiply will not appear. 

2.3. Coupling operators and mass operators. The coupling operators Gp, 

Gw and the mass operators M p and Mw should satisfy the following demands. 

1. After multipying by field operators, a coupling operator and a mass operator 
should become a coupling coefficient and a mass operator, respectively. 

2. The coupling operators and the mass operators possess the same symmetry 
as those satisfied by the Lagrangian density containing them, e.g., the Lorentz 
invariance, the symmetry between F-particles and W-particles, particle-antiparticle 
symmetry, etc.. 

In order to contract the coupling operators, we first define the coupling coeffi- 
cients. Let Agf (I ttpisjCkA) ^1 <Jp2S2)) be a transition amplitude of an initial state 
I flpisiCkA) to a final state | ap2S2)i here it is not necessary that pi. p2 and k satisfy 
the mass shell restrications. We define the F-coupling constant as 

5/(1 OpisiCkA) ^1 ap2S2)) 

, . Agf (I gpi^.CkA) ^1 ap282)) 

\f{\ apiSlCkA) ^1 Op2S2)) 

_ («P2S2 I I QpiaiCkA) 



(2.3.1) 



^gf (I CtpisiCkA) ^1 ap2S2))' 

where 5/ is the scattering operator for F-states. 

A'gf (I OpisiCkA) ^1 av2S2)) 

= («P2S2 I j : ^o7^^J.V'o ^ I OpisiCkA) 

= - (27r)'' 5^ {p2 -Pi-k) ^Up2S2l^,Up,el -^^=ei^. (2.3.2) 

where k = p2 — Pi, ip' and A'^ are the same as (1.4.10)-(1.4.11) in form, but do 
not satisfy the equations for free particle when p2, pi and k are not in mass shell. 
The act of A'gj^ is only to eliminate the external-line factors of Agf. Considering the 
Lorentz invariance and that an outgoing | &(-p)) is equivalent to an ingoing | Op), 
and an outgoing | C(_k)) is equivalent to an ingoing | Ck), we have 

gj {P2,Pi) 

= 9f (I CkA) &(-piSi)ap2S2)) = 9f (I «P1S1&(-P2S2)) I CkA) ^1 0)) 

= 9f (I &(-p2S2)CkA) -^1 ^-pisi))) = 9f (I flpisi) ^1 C(_kA)ap252)) 
= 9f (I 0) ^1 C(_kA)fc(-pisi)ap2S2)) = 9f (I apisi&(-p2S2)) ^1 C(-kA))) 
= 9f (I &(-P2S2)) ^1 C(-kA)&(-pisi))) = 9f[{P2 - Pif] = 9f (-M^) • (2.3.3) 
Similarly, we can define the W-coupling constant 
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(2.3.4) 



9w{P2,Pl) = (I Op^.^CkA) ->| ftp^s^)) 

_ Ag^ (I flp^s^C^A) ^P2S2)) 
A'gw (I 9iptS^C-k.Xl ^P2S2)) 

_ («p2S2 I I QLpiSl&kx) 

^'gw (I «p2S2CkA) ^1 «P2S2)) 

(I «piSlCkA) ^1 ap2S2)) 

= {a^2S2 I y c^^a; : ^gl^^^.^^ :| a^^s^Qi^x) 

= {'^T^f^^{P2-Pi-k)^Vp,si7^,Vp^s2-^y=^e^i^, (2-3.5) 
Considering the symmetry of the F-particles and the W-particles, we have 

(2.3.6) gf{P2,Pi) = 9w (P2,Pi) = g{p2,Pi) = 9{{P2-Pif] =g{-iJ?) ■ 

What relation is there between gj- {p2,Pi) and Gi?? We analyse Gf as follows. 

Replacing (1.3.10) or (1.3.14)-(1.3.15) by (2.2.21)-(2.2.22), we obtain the expan- 
sions of ip, Afjt, tjj and which are the same as (1.3.1)-(1.3.4) in form. Substitut- 
ing the expansions into (2.2.12), (2.2.13), we obtain the expansions of the coupling 
terms Hfi and Tiwi- Without loss of generality, we take a term in (2.2.12) 

(2.3.7) I ap,,, (i) ^ /+ • Gf I -Ip, ^ ap,,, (i) | t CkA(t) | 

as an example to illuminate the structure of G^-The c-number part relating to 
external lines in (2.3.7) is ignored. Recalling (1.3.25)-(1.3.28), from the factor 
I^^GFlpidit: we can see that the corresponding part in Gp can be written as 

(2-3.8) Lp2K2S2\G'F\ap,sAx)LtJi- 

Because {ap2S2 I ^^'^ I ^^pisi^kA) '^^'^ tic regarded as a final W-state and an initial 
W-state, (ap2,52 | G'p \ ap^siSkx) must be directly proportional to the scattering 
amplitude Agy, (| (ip^s^c^^) ^\ ap^s^)) - Comparing with (2.3.4), we define 



(^P2S2 I '^F I ap,s,Ckx) = gj (p2,Pl) 

_ (^p2S2 I I Qpisi^kA) 

^U(I^P2S2ekA)^|ap,,,))' 



(2.3.9) 



as a coupling coefficient. From (2.3.4) and (2.3.9) we can anew obtain (2.3.6). This 
implies (2.3.9) is consistent with (2.3.6). Thus (2.3.8) can be written as 

(2-3-9a) Ip,5/(P2,Pi)/+ Jj- 

It is possible that in 51/ {p2, Pi) P2 7^ iri^ 01 p\ ^ m^, i.e., po is not solely determined 
by p. We determine p2Q and pio according to the following method. It is easily 
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seen that 

(apis2 I (-* J d'^xUp) I Vi'iiCk'A) 

o<: («P^S2 I • I ap^s2{t) ^ (ap2S2 I ^'f I %^s^Qk\) 

< flpisiW 1^ CkA(i) I • I Op'i^iCk'A) 

= (op^s2 I • I ap2S2(i) > 5/ (P2,Pi) 

^ ap,,,(t) |<cckAW I • |apisiCk'A> (2.3.9b) 

determines a scattering amplitude. Substituting (2.3.9b) into (2.3.1), we can obtain 
a coupling coeffecient gfiPw^p'w)- In the state | a^i s^) the relation between p'^g ^^id 
'p'l is definite. Similarly, the relation between ^^i^ P2 ^^"^ the relation between 
Wq and k' are also definite. It is obviously necessary that P2 = P2, p'l = Pi and 
k' = k. On the basis of the W-F-symmetry, we demand 

(2.3.9c) P20 = P20, p'w - Pio> ^0 = ''^o. 

Thus we have p'2 — P2, p'l = Pi, k' = k and 

(2.3. 9d) 9f{P20,P'io) = .9/ iP2, Pi) ■ 

Even in interaction picture the momenta meeting at a vertex cannot also all satisfy 
the relation = . In the case P20 and pio in 5/ {p2, Pi) at a vertex should respec- 
tively be equal to the momenta of the propagators joining the vertex, gj {p2, Pi) 
is determined according to the scattering amplitude (2.3.9b) and is accurate. But 
we cannot accurately determined all gf (p2, Pi) ■ When Pio or p'^Q ^ p\o, 

5/ {P2. Pi) is approximate and should be corrected. 

From (2.3.9a), considering the expansions of ^j), tp and Ai^, we obtain 

= EEff/(f2'fi)Up2i^.+ip2if-po+^(-p.)^p.+=^(-p.)4-PoH^ 

P2 Pi 

= EE^/^^^2,Pi)/p,I+ J(_k). (2.3.10) 

P2 Pi 

For the initial W-state | ttp^siCkx) and the final W-state | Opjs^), gf{p2,Pi) is 
precise. If for arbitrary p2 and pi we can also determine g{p2,Pi), (2.3.10) is the 
precise couplng operator. In fact it is impossible to determine all g/ {p2,Pi) ■ We 
can only accurately determine some gf {pi,p2) , e.g., gj (92, 9i) , where 92 and qi 
are the momenta at the so-called subtraction point which satisfy the restrictions 

(2.3.11) 1751+7710 = 17^2 + ^0 = 0, g' = 92-91, 9'^ = 0, 
We define 

(2.3.12) 5/ (92, 91) =5/0. 

Replacing gf {p2,Pi) by g/o, we obtain a approximate coupling operator, 

(2.3.13) 4°^=5/oEE4.I^i^^ 
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Analogously to Gf{p2,Pi) and Gp\ and considering the symmetry between Cp 



and Cw, from (2.3.9) we have 



\Sf\ 



(ap2S2 I I O.pisiC'kx) — A' f\ \ I \^ 

= 9w{P2,Pi) = 9f{P2,Pi) = (ap^s2 I I api.iCkA), (2.3.14) 



(2.3.15) Gw = ^^9v. {P2,Pi)IpJ+,Ji, 



P2 Pi 



(2.3.16) G^w = 9wo^^ Ip^Ipji , 9wo{q2,qi) = gfo = go- 

P2 Pi 



Let rrief be the mass originating from the electromagnetic interaction, be 
the mass originating from the other interactions, rrif = m'^ +me/ is the total mass 
of a F-electron. Analogously to Gp, we define 



trief (I apjsi) ^1 ttp^s^)) 



■^mf (I Ctpisi) flp2S2)) 

(2.3.17) 



■^mf (I '^PlSl) ^P2S2)) 

(cip2S2 I Sf I Cpjs 



\'^P2S2 Cpisi / 

^m/ (I «Pi«i) ^1 ap262)) = (Op262 I (^-i J d'^x:^ ^' :^ | a^^s^) 

= -i {2nf 5"^ {jp2 - pi) :^Mp2S2**pisi • (2.3.18) 
Because of the symmetry of | a^^s^) and | 6pisi), we have 

(2.3.19) mef (I Op.si) ^1 ap2S2)) = We/ (| bpis^) ^| 6p2S2)) = "^e/ (Pi) • 

Similarly, we can define the electromagnetic mass of a W-electron as 



rriew {Pi) = 



^mw (I Qp,,,) ^1 Qp,,,)) 

^mw (I ap,,J ^1 ap^,,)) 

\ 

(2.3.20) 



(^P2S2 I "^l" I ^PlSll) 



<ap2a2 I -ijd^x-.l^l^ :| Op,,,,) 

^m«; (I «pi.i) ^1 «P2S2)) = K2S2 I / d,'^^ -I ^Pi«ii) 



= -i(27r) (5'' (pi -P2) TjWpisi-ypisi, (2.3.21) 



Considering the symmetry of Lw and Cp, we have 



(2.3.22) 



me„, (p) = me/ (p) = TUe {p) . 
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Without loss of generality, we take a term in (2.2.12) 



(2.3.25) (ap,,, I M'^ \ a^^J ^ -p^^; ' - ^p^;^^; ^ ^ 



(2.3.23) I ap,,, (i) ^ 7+ • Mp ■ I^, ^ a^,s, {t) \ 

as an example to illuminate the structure of Mp- Recalling (1.3.25)-(1.3.28), we 
can know that the part in Mp corresponding to • ■ Ipi should be written as 

(2.3.24) /p,(ap^,jM;|ap^,^)/+ 

Because (fip^^^ I ^^'^ I ^pisi) be regarded a initial W-state and a final W-state, 
respectively, (ap2S2 I ^'f I ^pisJ must be directly proportional to the scattering 
amplitude Amw (| a^^si) ^1 ^psss)) • Comparing (Op^^^ | Mp \ a^^^^) with (2.3.20), 
we can define (ctp^g^ | Mp \ Up^^^) as the electromagnetic mass of a F-electron, 

(Qp,s, I Sn, I Op,,,,) 

where p2 = Pi- From (2.3.20) and (2.3.25) we can anew obtain (2.3.22). It is seen 
that (2.3.25) is consistent with (2.3.22). Substituting (2.3.25) into (2.3.24), and 
considering 

(flp,,, I Mp I ttp^,^) = {bp^,^ I Mp I 6p^,^) = ruef {pi) 
and the expansions of ip and ip, we have 

(2.3.26) Mp = J2J2 "^e/(pi)Ip,I+ . 

P2 Pi 

For some p, e.g., p = q, we can determine me/ (g) . Replacing me/ (pi) in (2.3.26) 
by nief {q) , we obtain a approximate mass operator 

(2.3.27) M^?^ = me/o E ^p^^pi ' "^^/o ^ m,f (g) . 

P2 Pi 

Analogously to (2.3.26) and (2.3.27) and considering the symmetry between Cp 
and we have 

/„ \ M' \ n \ = (ap2^2 I Sf I flpLSi) 

(ap2S2 I (^-« J d'^x -.ip if) :j I flpisi) 
= mew (pi) = rUef (pi) = {Up^,^ I Mp I ttp^si)^ (2.3.28) 

(2.3.29) Mv^=^^me»(pi)/p,/+, 

P2 Pi 

(2.3.30) M^^ = mewo E E -^p^^pi ' '^^too = rriew (q) = We/O = rUeO ■ 

P2 Pi 

Because we cannot differentiate me/o from m^g in m/o = + 'Tie/o, for conve- 
nience, we define 

(2.3.31) m.efQ = mewQ = meo = 0, m/o = m^Q = m^o = m-^o = "^c 

Of course, for an interacting field operator p"^ — Pq ^ — and ^ 0. When 
P2 = 92 and pi = gi, both go and meo are accurate. When p2 ^ 92 or pi ^ qi, both 
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go and nieo are approximate. If the subtraction point is a nonphysical point for a 
coupling constant, we assume that g can analyticaUy expand from the nonphysical 
point into physical regions. 



2.4. Expansion of the Hamiltonian. Because when many operators containing 
K multiply, associative law does no longer hold water. Hence it is necessary to 

define the order of multiplication of a copling or a mass operator and transformation 
operators. When we construct the interaction Lagrangian or Hamiltonian density, 
we define the orter to be that the coupling operators and the mass operators derectly 
multiply by every transformation operator. Thus substituting the expansions of tp, 
Ip, A^, V^, f_ and and (2.3.10), (2.3.15), (2.3.26) and (2.3.29) into (2.2.11)- 
(2.2.13), we obtain 

ps 

b{-p)s (t) |< aps (t) I W("^_p)^74 (iljPj + ™) Ups 
a(-p)s (*) ^1 bps (t) ^ W("_p)s74 {-i^jP] + ™) Vps 
bps {t) X bps (t) I t;+^74 {-i-fjPj + m) Vp^} 

CkA (i) CkA (i) I - I Ck4 (i) >t Ck4 (i) I 

CkA (i) \t C-kA (i) I + I CkA (i) ^1 C_kA (i) ^) 
Ck4 {t) \t c_k4 (i) I + I Ck4 (i) ^1 c_k4 (i) ^)}, (2.4.1) 



r A.1 



-{E 



-E 



,2 3 



k A=l 



-( ^ 



-f^F/M = ^ TOe/ (p) {| ttps {t) aps (i) I W^sliUps 



+ < ^(-p)s (t) |< ftps (t) 1 !-'(lp),74'''ps 

+ I a(-p)s (0 ^1 bps (t) ^ w+_p)^74^;ps 
- I bps {t) >^ bps {t) I 74^ps} 



(2.4.2) 



H 



FIG 



■ 



E E"fl "'P^'*^ W X ftpiSl (t) I Mp2S2 7^WpiSl 
P2S2 PlSl 

+ < ''(-P2)S2 (0 1^ flpiSl (0 I ^(-P2)s27,i«pisi 
'^P2S2 

it) >| 6(_p,),, (t) 

> '^P2S27m^( — Pl)si 
S2 V') I ^(-P2)S2 7M«(-pi)si}ff(P2,Pl)' 

4 

• E (^k^ < '^kA (0 I +ef_k^) I C^-kX) it) >) , 
A=l 



1 



/2u^ 
(2.4.3) 
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where k = P2— Pi- 

Hwo = Y^{\ bp, {t) V (t) I u+ 74 (n^-ft + m) Ups 

ps 

- I a(-p)s (0 >l bp, (i) ^ 'y("^_p)s74 {hjPj + m) Up, 

- t ^(-p)s (t) \< ap, {t) I M("_p),74 (-Hj-Pj + m) Vps 

- I ttp^ (t) «ps (*) I ^ps74 {-hjPj + m) Vps} 

k A=l 

- E =^ SkA it) \t C_kA (01 + 1 CkA (t) >l C_kA (i) ^) 



4wk 

A=l 



-( < Ck4 it) |< C_k4 W I + I Ck4 (i) ^1 C_k4 (t) >)},(2.4.4) 



HwiM = rUeu, (P) {| bp, {t) ^< (t) I M+s74Wps 

- I «(-p). (t) ^1 ^p. W ^ l'(*lp),74«ps 

- ^ ^(-p)^ (t) \ t ap, (t) I U(^_p)g74«ps 

- I ^ps (*) "ps (*) I «pa74^^ps} (2-4.5) 

ifw^/G = ^m^" I ^P2S2 (*) V« (*) I Wpisi747^Wp,«, 

P2S2P1S1 

+ I O(-pisi) (0 >l (*) ^ «ipiSi747^Mp2S2 



+ ^ &P1S1 (t) |< a(-p2S2) (^) I Wilisi747^«- 



P2S2 

1 



a(-pisi) (*) «(-p2S2) (*) I ^'-pisi747;,^^-P2S2} • 9 (P2,Pi) 



4 

E^f-kV I C(_k)A(t)^+e^^^CkA(i)|). (2-4.6) 

A=l 

From (2.4.1)-(2.4.6) we can prove (2.2.18)-(2.2.19) to be consistent with (2.2.14)- 
(2.2.17). (see appendix C). 

In fact, we can only obtain an approximate Hamiltonian in which the couphng 
constants and masses are approximately regarded as the same, i.e., g (p2,f 1) = go 
and nie {p) = 0. In this case, we can write Hp and Hw as 

= Jd'x: [V'+74 hA - igol^A'^ + m) V' + ^ (i^i^ + djAAAl)(\2:,4.7) 

JjiO-loop) (^ij^TO^ij) 

= J (fx: [-±+7i{7jdj + i5o7^4 + + ^(i'i' + djA^Ai)] (2.4.8) 
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here the expansions of the field operators tp (x, etc. are the same as (f.4.10) — 
(1.4.17) in form, but the operators t dps (i) | etc. in (1.4.10) or (1.4.14)-(1.4.15) 
must be replaced by (2.2.21)-(2.2.22). Whenpa = 92 orpi = gi,both (.9o,"^eo) 
and (go, J^ieo) are accurate. When p2 7^ 92 or pi 7^ qi , both ijj;? (90. Weo) 

and (<?o , meo) are approximate. The equal-time anticommulation and 

commutation relations for the operators ^ ^pg (i) | and tj)'p{-x.,t) , etc., are the 
same as (1.3.16) — (1.3.17) and (1.4.18) — (1.4.19), respectively. In this case, the 
Heisenberg equations are 



(2.4.9) 



F = -i \F,Hf-^°''''A = -i 



(2.4.10) W = i[W,H^-^°°P^] = 

where = + H^°-""''\ F = V^', A'^, i^, A^, t a^s{t) |, < 6p,(t) |, 

< Ckx{t) I; W = i/, I, A^, < ap,(i) I, < 6p,(i) I, < Ck;,(i) I . From (2.4.9) - 
(2.4.10) we obtain (2.2.14)-(2.2.17) (where Mp m|?\ Gp ^ gP , Mw ^ 
Gw ^ G^^) and 

(2.4.11) 
(2.4.12) 

(2.4.13) 
(2.4.14) 



■9 

'at ' 



□^1^ = -iip 



'at' 



(2.4.15) 

^' (x,t) = e 



•jj(0-!oc,p)j , 



/ (x,0) e-'^'"-""^'* = e'^^"""""' V' (x,0) e"'^- 



(O-loop). 



(2.4.16) 

a; (x,t) = e^«'°-'"-^*A; (x,0) e--'°---'* = e^-r'--*^; (x,0) e-^<-'-'\ 



(2.4.17) 



V)' (x,t) = e" 



_^^(0-ioop)j , 



V' (x,0)e 



jjiO-loop) ^ 



= e"*^"- *V (x,0) e' 



(2.4.18) 

(2.4.11)-(2.4.12) and (2.4.15)-(2.4.16) are the same as those of the conventional 

QED, (2.4.13)-(2.4.14) and (2.4.17)-(2.4.18) arc different from those of the conven- 
tional QED. It is seen from the £i? we can also obtain the results of the conventional 
QED. 
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2.5. Scattering operators and Feynman rules. As the conventional QED, 
transforming the Heisenberg picture into the interaction picture, we can derive the 
scattering operactior Sf and Su, from (2.4.2)-(2.4.3), (2.4.5)-(2.4.6), (2.4.7) and 
(2.4.8), 

oo ^ ^^n poo 

(2.5.1 
(2.5.2 
(2.5.3 

(2.5.4 



(2.5.5 
(2.5.6 
(2.5.7 

(2.5.8 



Sf = l + ^^ j— / d^xi.. d'^x„T -.Hfi {gmex) ..Hfi (gmex) 

5^ = 1 + ^— / cfxi... I d'^XnT :Hwi {g,'me,x) ...Hwi {g,me,x) 

/ -An /"OO POO 



/(O) _^(0) 



°° -n ;>oo /-oo 
1 J -oo J -oo 



n=l 



Hfi = -#7,t • Gf ■ Afj,ip + ijj ■ Mf ■ ip, 
Uwi = ■ GwAnt. ~ t ■ ■ 3^' 



where all field operators in (2.5.5)-(2.5.8) satisfy free-field equtions as the conven- 
tional QED, Gf and Mf are respectively determined by (2.3.10) and (2.3.26), 
Gw and Mw are respectively determined by (2.3.15) and (2.3.29), the symbol 
T denotes that the products are in time-ordered form. Replacing g {pi.p2) and 
me (pi) in Tipi and Tiwi by go and meo = 0, reapectively, we obtain sf {go.raeo) 

and Sw^ {go,'meo) from Sf (gme) and Sw (5, Tie) . If for arbitrary momenta pi and 
P2 we could determine the accurate coupling constants g{pi,P2) and the masses 
Tie (p) , we could evaluate accurate scattering amplitudes by only tree diagrams de- 
termined by Sf {g,me) or Sw {g,me). But this is impossible. It should be pointed 
that in the meaning of perturbation theory, for initial states and final states with 
given momenta, e.g., the momemta at the subtraction point, we can give the abso- 
lutely precise coupling coefficients and masses, and from this give absolutely precise 
Cf , Cw, H^~''°°^\ sf and Sw^ . But for arbitrary initial states and 

final states, we cannot give the absolutely precise coupling coefficients, masses, Cf 
, C\Yj T^F) T^w, Sf and S^. In fact the coupling coefficients and masses will be 
corrected by n-loop diagrams, hence for arbitrary initial states and final states we 
can only give approximate Cf , Cw, Ti-F, Ti-w, <5/ and S^ Of course, by such sf 

and Sw^ we can obtain scattering amplitudes approximate to arbitrary n-loop dia- 
grams. Thus, the two scattering operators Sf and Sw are not practical to evaluate 
scattering amlitudes. Therefore we can evaluate Feynman amplitudes by only sf 
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and Sw^ and pertubtion approximation. The scattering operator 5^°'' {go,meo) is 

the same as the scattering operator of the conventional QED. S^^ differ from ^j^^ 
only in the sign before i in form. Hence we can evaluate scattering amplitudes by 
5'!°'' and Sw"^ in the same method as is used by the conventional QED 

In order to simplify S^^^ and 51?'', wc must decompose the timc-ordcrcd prod- 
ucts appearing in S^^^ and Sw ^ into normal-ordered products. Considering the 
expansions of tp' (x) and (x) to be the same as those of the free fields of the 
conventional QED and (x) and ip' (x) to have the similar expansions, as the 
conventional QED, wc have 

(0 I T,j/,Ax,)j/,Ax2)\0) 

= tPtJ' A^J^P?^e-(— ) . S,, {X, - X,) , (2.5.9) 
(27r) J p^+m^-ie 

(0 I TA'^ix^)AUx2)\0) 

= S,,^Jd''kj^/''(-^-^'>^5^.Dpf{xr-X2), (2.5.10) 

(0 I T£ix,)^^ix2)\0) 

= -\-Jd^P^Y-^^e^'^^^-^^^^S^^{x,-x,), (2.5.11) 
(27r) J p^ + ie 

(0 I ta:^{xi)a!Ax2)\o) 

= Vtt^ / d4fc-2^e^'=(-i--=) = 5^,Df^ {xi - X2) , (2.5.12) 
(27r) J K + le 

where s —^ 0"*", the integral contours are shown in Fig. 2.1. The other contractions 
are all equal to zero. Comparing (2.5.11)-(2.5.12) with (2.5.9)-(2.5.10), we find the 

differences and the common properties among the four propagators as follows. 

1. The places of the polar points of Dpw and Spw are opposite to those of 
Dpu, and Spw, respectively. The polar points of Dpyj and Spw are in the first 
and third quadrants, the polar points oi Dpf and Spf are in the second and the 
fourth quadrants (see Fig. 2. 1.1 and Fig. 2. 1.2). 

2. Neglecting e,Dpf = —Dp^ and Spf = Spw 

It can be seen that the Wick theorem still applicable to the present theory. De- 
composing the time-ordered products appearing in (2.5.3) and (2.5.4) into normal- 
ordered products, we can evaluate S-matrix elements approximate to tree-diagrams. 
It is readily proven the S'-matrix elements {Ff \ (.90, ^eo) | Fi) approximate to 
tree-diagrams are the same as those obtained by the conventional QED. From the 
5-matrix elements {Ff \ Sf {go,meo) \ F^) and (W/ | {90,'meo) \ Wi) approxi- 
mate to tree-diagrams we can obtain the Feynman rules in the momentum space 
(see Fig. 2.2.1 and Fig.2.2.2). 

In addition to the rules given by Fig. 2.1 and Fig. 2. 2. 1-2, there is an overall minus 
sign corresponding to a closed fermion loop and three supplimcntary Feynman rules 
(see the following chapter). The rules fully determine the method evaluating a F- 
amplitude or a W-amplitude. 
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2.6. Summary. On the basis of the first chapter we discuss quantization for in- 
teracting fields, derive Feynman rules and scattering operators. Since we quantize 
fields by the transformation operators replacing creation and annihilation operators 
in the conventional QED, it is necessary to replace coupling constants and masses 
by coupling operators and mass operators in the present theory. In contrast with 
the conventional QED, in the present theory, there is only one sort of parameters 
which are all finite and measurable and the two sorts of corrections originating 
Sf and Sw We will see that the integrands causing divergence in the two sorts of 
correction cancel each other out in the following. 

3. One-loop Correction and Supplementary Feynman Rules 

3.1. Introduction. We have constructed a new Lagrangian density of free fields 
and quantized the free field by the transformation operators in the first chapter, 
have discussed quantization for interacting fields and have derived the scattering 
operators Sf , Su, and the Feynman rules in second chapter. In present paper we 
evaluate one-loop correction to the coupling coefficients and the masses in detail, 
derive the method evaluating n-loop correction. 

If go and meo are regarded constants, Cp and £w were fully independent. 
In this case we can only obtain one new result i.e., (0 | | 0) = 0. But in fact, 
after quantization, though there is no coupling between the field operators ip and 
Afj^ in Cp and the field operators and in Cw • 1^ f and Cw arc dependent on 
each other, since gf{p2,Pi) and mef{p2,Pi) arc determined by Cw and gwip2,Pi) 
and mew{p2iPi) are determined hy Cp- Sf and together determine scattering 
amplitudes. Thus, all scattering amplitudes will be convergent and it is unnecessary 
to introduce regularization and counterterms. 

3.2. Two sorts of correction. When the momenta meeting at a single vertex ^2 = 
12, Pi = qi, scattering amplidutcs (92, gi), A%''°°''\q2, qi), A^J^j''°°^\qi) 

and ('J'l ) evaluated by S'j"'' {go,meo) and Sw^ (5o,'Tieo) with tree diagrams 

are all accurate (it is possible that there is no real process for a single vertex). 
go and TOgO are determined on the basis of experiments and are accurate. When 
P2 7^ Q2, Pi 7^ qi or for such a Feynman diagram with many vertices, go, Weo 
and the scattering amplidutes obtained by S'j'^' and S^^ with tree diagrams are 
no longer accurate and must be corrected. According to the perturbation theory, 
Feynman diagrams with the same initial state | flpisi) | cica) and final state | Up^g^), 
no matter whether or not pi = qi and P2 = 92, (91 and 92 are the momenta at the 
subtraction point), the tree diagrams and all diagrams with n-loop must exist and 
must simultaneously be considered. It is obvious that corrections must begin with 
one-loop diagrams. The coupling constants, the masses and scattering amplitudes 
corrected to n-loop diagrams can be written as 

n 

(3.2.1) ^(n-;oop) ^p^^p^^ k)=Zo + Y^ iP2,Pi, k) , 

i=l 

where Z = gf, g^, nief, ruew, Agf, A^f, Ag^, A^w, the superscript i denotes 
only the ith — loop diagrams to be evaluated. Because of the gauge invariance of 
the Lagrangian density, there is no correction of the mass of a free F-photon or 
W-photon. 
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We consider that a self-consistent theory should satisfy the following demands: 

1. There is only one sort of physical parameters which are measurable and finite, 
e.g., there are only go and nieo in the present theory, and there is no other sort of 
parameters as the bare mass and the bare charge in the conventional QED which 
are unmeasured and divergent. 

2. ^("-'oop) (jp2,pi,k) and Z^^^ {p2,Pi,k) must be finite and must tend to zero 
as p2 —>■ q2, Pi —>■ qi and k q', i.e., 

(3.2.2) ZW (52, qi, q') = 0, ^("-'-p) (g^, q^^q') = Zo- 

3. Z^"~^°°P^ {P2,Pi, k) should be consistent with the results obtained by the given 
QED. 

According to the conventional QED, the 1-loop corrections to gfo{q2,qi) and 
niefoiq) are all divergent. This is because there is only one sort of corrections 
originating Sf. In order to remove divergence, it is necessary to introduce regu- 
larization and counterterms. For instance, in order to remove divergence of the 
one-loop correction of the mass of a free electron 



Sm = (,) = / ^'^ (^2 + ^2)2 + ^ - ^' 

the counterterm Atptp must be introduced, here ^ is a divergent constant. Thus, 
there are two sorts of parameters in the conventional QED, i. e., the physical 
mass and charge and the so-called bare mass and bare charge. Both bare mass 
and bare charge are divergent and unmeasured. It is noteworthy that in order to 
determine A we must firstly carry out integrantion over k. Thus regularization must 
be introduced. 

As the conventional QED, it can be proven from the Feynman rules that the 
one-loop corrections only originating from 5^-°^ (.9o,n^eo) or Sw^ (soj^eo) are all 
divergent and do not tend to zero as p2 q2 and pi qi. This implies that there 
must be another sort of corrections which and the first sort of corrections must 
cancel each other out as P2 — > ^2, Pi ^ qi and k ^ q' = q2 — qi and the sum 
of the two corrections must be finite. In contrast with the conventional QED, in 
the present theory, there is only one sort of parameters ( go and nieo) which are 
finite and measurable and two sorts of correction originating from Sf and Syj. Sf 
and Syj together determine ^("-'"op) (p2,pi, k) and Z^^^ iP2,Pi, k) which satisiy the 
demands above. 

We first take one-loop correction as an example to discuss the first sort of cor- 
rection. As the conventional QED, there are one-loop corrections A^^j(p2,Pi) to 
A^°f''''°^\p2,pi) BXidA^^fj{p2,pi) to A^^~/°°^\p2,Pi) originating from 5'^°^ (5o,meo), 
and one- loop corrections A^g},u,{p2,Pi) to Afw^°°^\p2,pi) and ^mLii)(p2,Pi) to 
Amiu°°^\p2,Pi) originating from Sw\go,iTieo)- From the definition (2.3.1) we 
see that ^gjj firstly corrects the amplitude A^g^{p2,pi) and thereby corrects gfo, 
hence the momenta of Agjj(p2,Pi) and g^fj{p2,Pi) must be the same as those of 
A^gj[p2,p\). We can evaluate g^ff{p2,Pi) by S^p {go,meo) as the conventional QED. 
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Thus from (2.3.1) wc have 

,„ _ (1) (1), , (ap2S2 I S'f^^CgOi'^eo) I flpiSiCfeA) 

(3.2.3) g)l = g'f>{p2,Pi) = — 

where p may be a momentum of an internal Une and does not satisfy the mass shell 
restriction, 5^^^ is the scattering operator approximate to one-loop. Analogously 
to gfj, from (2.3.17), (2.3.4) and (2.3.20) we have 

„ (1) , , {0'P2S2 I Sf\go,meo) | flpisi) 

(3.2.4) ml'fip,) = — -, 

(«P2S2 \ [90 = l,meo = 0) I apisi) 



(3.2.5) ,(^) (p„pO = , K2.J^^(.o,m.o)|.,......) 



W ( 

{ap^S2 I Sw'igo = l,TOeO = 0) I CLp^.^Ckx) 

w ^ ( 



{ap^s2 I Siu'{go = l,meo = 0) | a^^,^) 

where the denominators of (3.2.3)-(3.2.6) arc the same as (2.3.2), (2.3.18), (2.3.5) 
and (2.3.21), respectively. (3.2.3)-(3.2.6) are the first sort of corrections. 

Secondly, we take one-loop correction as an example to consider the second sort 
of one-loop corrections. It is seen from (2.3.9) that A^gww originating from 5,^, not 
only corrects A^gw and g^Q. but also corrects gfo and mpjo- Wc denote the 

sort of one- loop correction to gfo originating from by In contrast with the 

first sort of corrections, the corrections of the second sort are to directly correct 
the coupling constants and the masses. Because go (92 ,91) and mej){q) arc defined 
at the subtraction point, the second sort of corretions must also be defined at the 
subtraction point, i.e. gj^^ = 5/2 (^'2 , 9i ) • Considering 

(3.2.7) gf{P2.Pi) = 9fj{P2,Pi) + g%{q2,qi) 
should be finite, from (2.3.9) and (3.2.5) we define 

(3.2.8) gfl = gf^{q2,qi) ^ -gi'l{q2,qi), 
Analogously to f?/^, from (2.3.25) and (3.2.6) wc define 

(3.2.9) mi% = mi%iq) ^ -m«^(g), m«(p) ^ mi))ip) + m%{q). 

Analogously to and rn'^^^ , there are the corrections g[^^j and m-g^j originating 
from Sf to gwQ and mewo- From (2.3.14), (3.2.3), (2.3.28) and (3.2.4) we define 
(3.2.10) 

9w] = (92 , gi ) = -gf] {q2 ,qi), g^^^ {P2 ,Pi)= (P2 ,Pi)+ si/ (92 , «i ) , 



(3.2.11) ml\!,f = m}-:^f{q) ^ -m^y/g), mW(p) ^ mW„(p) + m^^^^/g). 

(3.2.8)-(3.2.11) are the second sort of 1-loop corrections. (3.2.3)-(3.2.11) can be 
generalized to n-loop diagrams. Since there must be the two sorts of corrections si- 
multaneously, both must simultaneously be considered and be approximated to the 
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same loop- number, i.e., after their integrands are added up, the corresponding in- 
tegral is completed. Thus the integrands causing divergences will cancel each other 
out, consequently {Ff \ Sf \ Fi) and {Wf \ \ Wi) will be all convergent, and it is 
unnecessary to introduce regularization and counterterms. For example, in the new 
QED, we have (1.1.1). Prom (3.2.7)-(3.2.11) we see that if let gf^ = gfl{p2,Pi), the 
total sum of corrections of the first and second sorts must be zero. This is cqiiiv- 
alent to redefine the point with the momenta P2 and pi as the subtraction point 
and gf{p2,Pi) is regarded as an accurate value. In fact, gf{p2,Pi) is unknown, and 
our aim is to evaluate an approximate gf{p2,pi) from the accurate (70(92,91) and 
TOeo(9i)- In meaning of perturbation theory, 50(92,91) as a accurate value already 
contains gf]{q2,qi) and gfl{q2,q{), i.e., gf\q2,qi) = S'//(92,9i) +5/2(92,91)- 
Prom the P-W symmetry and (3.2.7)-(3.2.11) we can prove flj^^ (92,91) = 0. Thus 
when (92, 9i) become gfjip2,Pi), gf^{q2, 9i) appears. Anologous analysis holds 
water for m^y^(9), t/i^) (92,91) and m'^^fil) and 

(3.2.12) 5i^)(92,9i) = mW(9i) = m«(9i) = 0. 

For a free particle, p = q ot k = q' and mi^(9) = m'^^{q) = 0. When p ^ 

9 , rrig^^ (p) = (p) 7^ 0. In this case m^y* (p) or mi^ {p) must join one or 

two vcrtexes, hence we can regard m^^^ (p) or mi^l] (p) as a part of corrections 
of the vertexes. We regard specially a correction to a propagator as the sum of 
partial corrections to the two vertexes joining the propagator. The correction to 
every vertex joining the propagator is the same, hence this correction is half of the 
correction to the propagator. On the other hand, we can also regard correction to 
an external line as partial correction to a vertex. We can prove that these results 
hold water for n-loop diagrams (see section 3.5). Thus, in present theory there is 
no correction to an external line and a propagator and there is only correction to 
a vertex. 

As mentioned above, we see that ?/'' and A'^ are the same as ij) and in the 
conventional QED. Formulating the new QED by tp' , A'^, tp' and , the new 
QED will be the same as the conventional QED in form. The essential differences 
between the new QED and the conventional QED are that the Lagrangian density 
of the conventional QED is replaced hy C = Cp+^w and Cp and Cyy together 
determine correction to a scattering amplitude {Ff \ Sf \ F^ ) ot {Wf \ \ Wi). 
Thus, though Cp and Cw are independent of each other in classical meanings, 
after quantization both are dependent on each other. 

3.3. The first sort of 1-loop corrections. 

3.3.1. The first sort of one-loop corrections originating from Sf {go,meo) ■■ By 
Sf (.90, "^eo) ((2.5.3)) we can evaluate the 1-loop correction to the scattering ampli- 
tude and the electromagnetic mass rueo of a free F-electron corresponding to figure 
3.1.1-218] ^ 

^m// (91) = («q2«2 I (50,meo) | tt^^sr) 

= (92 - 9l) ^Wq2S2^/f (9l)Wqisi, (3.3.1) 
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y K -le [qi-k) - is 

= -i {2nf A + BSp] (gi) + 5^) (gi) sj^j (91) 5^) (91) , (3.3.2) 



(3.3.3) A=-^m('^D+-\, D = ^ [ d^k-—^-^, 

,3.3.) .._ii(._.|^,|), 

(3.3.5) Wq.^-S^) (ai) = Sp} (qi) nqi«i = S^'j (gi) = 0. 

Prom (3.2.4) we have 

where D is divergent and a = gg/47r. The 1-loop correction of the F-electron prop- 
agator with its two vertices shown in figure 3.2.1 is 

(3.3.7) {-9olf,)S^pjf (p) i-golu) = ghf^^Ff (p) (p) Spf (p) 7,., 

where the factors (2tt)'^ 5 {p2 ~ P + ^2) and (27r)^ S {p — pi — ki) are ignored, Sj^j (p) 
is finite, B is divergent, and Sp^ (p) = i (27r)^ {ipj + m) . But it is not necessary 
to evaluate the integral, because the integrand of D will be cancelled out by the 
other integrand in the total scattering amplitude. Because a propagator must join 
its two vertexes, (3.3.7) may also be regarded as the sum of corrections to the two 
vertices shown in figure 3.2.1. The contributions of the two diagrams are the same. 
Thus, we obtain the first sort of one- loop corrections J^^fji to a F- vertex to be 

(3.3.8) Agf^ {p) ^ -\gol^Spf {p) sg {p) , 



(3.3.9) (p) ^ -_eW ip) Spf ip) 507.. 

The diagrams corresponding to (3.3.8) and (3.3.9) are shown in figure 3.2.1L and 
3.2. IR. We always regard Ay^j^^ (p) and ^^f jii, ip) as a whole. Thus, in addition to 
the Feynman rules in the section 2.5, from (3.3.8) , (3.3.9), figure 3.2. IL and figure 
3.2.1R we obtain the first supplementary Feynman rule. 

The first supplementary Feynman rule: There is no correction to prop- 
agator, there are only correction to mass of a free particle and to a ver- 
tex. The sort of corrections analogous to (3.3.8)-(3.3.9) is the first sort 
of corrections to a vertex. A correction to a propagator can be regarded 
as a sum of the corrections to tviro vertexes joining the propagator. 

We will see the total correction to the mass of a free particle to be zero. 
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Operating A^j^^ (q) on Uqs and Aj^^ (g) on Uqs, considering (3.3.5), from 
(3.3.8) and (3.3.9) we have 



(3.3.10) 



-l9o7^,[-i (27r)^ A5ir/ (g) + 



(3.3.11) 



;(27r)'A5fj («)+S]5o7.- 



Prom (3.3.10) or (3.3.11) we see that the rule above naturally eliminates the ambi- 
guity of corrections to external lines in the conventional QEDI^I. 

Because of the gauge invariance of the Lagrangian density, there is no correction 
to the mass of a free F-photon or a W-photon. The one-loop contribution of the 
scattering operator Sf {go,meo) to the F-photon propagator with its two vertices 
can be represented by the Feynman diagram shown in figure 3 .3.1-2 Considering 
the current to be consevational, by the Feynman rules we have'^l 



(3.3.12) (-507^)15^/^. (fc) (-507.) = 5o7^^f/ (k) H^j, {k) Dpf (k) 5o7. 



(1) 



rr(i) 2 / .4 rp m-ipj m-i{p-k)^ 



CD-] {k)+ILf^{k)D-j ik) 



4 1.2 



where D') (fc) = i (27r)^ 
(3.3.14) 



CD-/^{k) + nf^{k)D-/^{k) 



(3.3.13) 



C is logarithmically divergent , IIj^J (A:) is finite and IIj^^ (g') = 0. 

Analogously to discussion for (3.3.8) and (3.3.9), from (3.3.12) and (3.3.13) we 
obtain the second sort of correction J^fj2v *° ^ F-vertex to be 



t(i) 



^507^£)F/(fc)n2j/c) 



2 

= "2^07^ \ '^t^y 



k^kv 
k^ 



C + uf}ik)Dp}{k) . (3.3.15) 



Considering q'^ = for external photon lines, from (3.3.15) we obtain 



(3.3.16) 



^2^ 



A 



1 X n 



QUANTUM FIELD THEORY WITHOUT DIVERGENCE A 



35 



From (3.3.16) and (3.2.3) we obtain the second sort of the one-loop corrections 
originating from sj^^ (go^n^eo) to the couphng constant to be 



9'ff2iP2,Pl) 



(«P2S2 I - / : V If.A'^ip' :| OpisiCkiA) 
= ^go{c + u'^/^{k)D-'^{k)}, (3.3.17) 



(3.3.18) 5j/^2fe,ai) = ^5oC, 



where the numerator in (3.3.17) corresponds to Fig. 3.4.3A to be the one part of the 
scattering amplitude (apg | s''^^ {go,me 
Feynman rule still applies to this case. 



scattering amplitude (apg | s''^^ {go,rneo) \ Opisi) | cicia)- The first supplementary 



The third sort of one-loop contribution A^gff^ of the scattering operator Sf {go, TUeo) 
to the scattering amplitude Agf (p2,Pi) is represented by the Feynman diagram 
shown in figure 3. 4. 4. A. By the Feynman rules we havel^l 

^g//3 (P2,Pi) = (ap2S2 I Sf^ {go,meo) \ ap^siCy^x) 
= -go (27r)^ 5^ (p2 -pi-k) 



(1) 



■y'^P2S2%,ff3 (^2,Pl)Wpisi-^==ek^, (3.3.19) 



(1) ig^ f d'^k ■m-i{p2-k)j 
K f f3 (P2,Pi) = -Ht4 / 7:^—7. 



.,//3V.2..i; - k^e"^ip,-kf+m^-ie 
m — i (pi — k) J 
[Pi — k) + — le 
= i7^ + AS/3c fe.Pi), (3.3.20) 

where L = —B, is logarithmically divergent, ^'^j^jf^ (p2,Pi) is finite and A^^ {q2,qi) 
0. From (3.3.19) and (3.2.3) we obtain the third sort of the one-loop corrections 
originating from S^'p {go,meo) to the coupling constant 5/0 to be 

(3.3.21) 3)^3 (p2,Pi) = 50 zr^ x + goL, 

(3.3.22) g%{q2,qi) = goL. 

(3.3.1)-(3.3.7), (3.3.12)-(3.3.14) and (3.3.19)-(3.3.20) are the same as those of the 
conventional QED, respectively!^!. 

3.3.2. The first sort of one-loop corrections to and m^. We can obtain the 
Feynman diagrams determined by (^Oj'Tieo) corresponding to those determined 
by Sf (go, TOeo), provided we transform real lines into the dotted lines corresponding 
to them. Analogously to computation of (3.3.1) -(3.3.22) , and paying attention to 
the differences between the vertex factor, the propagators and the external line 
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factors of {Ff \ Sf (ffOjTieo) | Fi) and those of {Wf \ Sw {go,meo) \ Wi) , we can 
obtain the results corresponding to (3.3.1) -(3.3.22) . 

) — («q2S2 I {90,'meo) I a^^si) 

= S^{q2-qi)^v^,s2^<i^l{p)v^,s,, (3.3.23) 

/ A 2 /■ ,4, * -i [m - i (gi - fc) 7] 

= -i (2^f A + BS^l (51) + S^l (51) eW («i) (gi) 

= 4/ (51), (3.3.24) 



(3.3.25) (91) = (5,) = 0, S^i (gi) = 5^) {q,) . 

Substituting AmLw (pi) into (3.2.6), we obtain the one-loop correction originating 
from Sw {go, nieo) to the mass of a free W-electron to be 



(3.3.26) (q) = A. 

The one-loop contribution for the W-electron propagator with its two vertices orig- 
inating Sw {go,meo) is 

(3.3.27) <707M4'iu.» ip) .9o7,y = ghuSpw ip) ip) Sfw (p) 7,y 

From (3.3.27) we obtain the first sort of one-loop corrections to a W-vertex to be 

Al'i^^ = ^gol^^SFw{p)^l^l{p) = -^f}^,, (3.3.28) 
Aillt = \^^:l{p)SF^ip)gol. = -Af}t. (3.3.29) 
Prom (3.3.28) - (3.3.29) we have 



(3.3.30) A W^i^ (5) _ = -5o7M[-i {2nf ASpw (p) + B]v^s ^ , 

(3.3.31) -^^jq^Ai;^^ {q) = -^^^s^H (27r)* ASfw (p) + B]goj,. 

The one-loop contribution of the scattering operator Sw {go,^eo) for the W- 
photron propagator with its two vertices is 

(3.3.32) go^^^D'^Fl^^u (k) 5o7. = goll^Dpw (k) (fc) Dpw {k) 5o7., 
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2 / I TTl Zp 



m — i{p — k) 



-n?i(fc), 



+ + le [p - ky + m? 
CD-I (A:) + nW(fc)I?-2 (fc) 



- l£ 



(3.3.33) 



(3.3.34) nW (fc) = -n« (fc) , D-l (k) = -D-) (fc) . 

Analogously to (3.3.15), from (3.3.32) we obtain the second sort of corrections 
Ai!lo for a W- vertex to be 



Ai'i2. W = ^507M£'F«,(fc)n«,(fc) 



WfX. 

1 / k^kv 
2^07/^ U^. - -p- 



C + n^^l{k)D-/^{k)\. (3.3.35) 



Considering g'^ = for external photron lines, from (3.3.35) we have 



(3.3.36) A« W) ^e^^, = (^ - 

From (3.3.35) and (3.2.5) we obtain the second sort of the one-loop corrections 
originating from Sw^ {go, meo) to the coupling constant to be 

(1) , , (27r)^ 5^ (p2 - fci - pi) y-^/%,.,AL^L. (fc) ^Pi«.<. (2a;kJ-^/^ 

9ww2{P2,Pl) = — — —> — 

= igo{c + n«(fc)D-i,(fc)}. (3.3.37) 



(3.3.38) 5i'],2('/2,gi) = 25oC. 

Let A^g^^^ {p2,Pi) be the third sort of one- loop contributions originating from 

Sw (,9o, TOeo) for the scattering amplitude ^^^3 (p2,Pi)- Analogously to A^gffs iP2,Pi) , 
by the Feynman rules we have 



^(1) 

gww3 



= 9o (277)^^ J"* (p2 - Pi - A;) :^ 

Pi)«Pisi-^/2^^ek;.> (3-3.39) 
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^M,l»3 (P2,Pl) 

^ go [ {P2 - k) 7] -i[m-i {pi - k) 7] 

= + AgLsc (P2,Pi) = a2^//3 (P2,Pi) , ^30 = aS/3c • (3-3.40) 

From (3.3.39) and (3.2.5) wc obtain the third sort of the one-loop corrections orig- 
inating from Sw^ (go,TOeo) to the coupling constant g^o to be 

(3.3.41) glis {p2,pi) = go = — + goL, 



(3.3.42) £^3(g2,«i)=9oi. 

3.4. The second sort of one-loop corrections and the total one-loop cor- 
rections. 

3.4.1. The second sort of one-loop corrections. The second sort of correction is such 
correction to (/j"'' and m,efQ originating from Swiso^ Weo) and such correction to 

gw^ and rUewO originating from Sf{go, meo). The characters of the second sort of 
corrections are as follows. 

1. The momenta at the vcrtcxcs of the first corrections arc arbitrary. In contrast 
with the first sort of correction, from (3.2.8)-(3.2.11) we see that the momenta at 
the vertexes of the second sort of corrections must be equal to q2, q-[ and q'. 

2. From (3.2.8)-(3.2.11) and (3.2.3)-(3.2.6) wc sec that the second sort of correc- 
tions is easily evaluated by the first sort of corrections. For example, from (3.3.6) 
and (3.3.26), (3.2.9) and (3.2.11), we have 

(3.4.1) m«„(g) = -m«^(g) = -A = m%{q) = -m%{q), 

from (3.2.8), (3.2.10), (3.3.18), (3.3.22), (3.3.38) and (3.3.42), we can derive 

(3.4.2) gfl2i<}2,qi) = -9'wl2{<l2,qi) = -^5oC = 5fS2(92,?i) = -gfj2{q2,qi), 

(3.4.3) gfl3{q2,qi) = -51^^3(92,91) = -goL = gS3(?2,9i) = -9%{q2,qi)- 

3. The second sort of corrections directly corrects the coupling constants and the 
masses, hence it is equivalent corrections to a vertex. We represent it by a circle. 
Prom (2.3.2), (2.3.5), (2.3.18), (2.3.21), (3.2.3)-(3.2.6) and (3.2.8)-(3.2.11), we can 
derive the Fcynman rules for a circle as follows. 

The second supplimentary Feynman rule: 

A. A circle is equivalent to a vertex for the part outside the circle. 

B. The momenta of the external lines of the Feynman diagram inside 
the circle are the momenta g2, qi and q' at the subtraction point. 

C. The dotted- line circle with two speckles denotes the coefficient 

(3.4.4) A'-l (I a^^^^) ^1 ttg^,^)) = (ttg^,^ I -i j d^x : :| Q^,s,)~^ ^ 
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the transition amplitude inside this dotted- Hne circle is 

(3-4.5) {oq^,^ I S^^^ {go,meo) \ g^,,,). 

From (3.4.4) and (3.4.5) we derive the factor m^^f^^,{q) corresponding to the dotted- 
line in figure 3.1.2, figure 3.2.2, figure 3.4.1.B and figure 3.4.2.B to be —A (see 

(3.4.1) ). 

The real- line circle with two speckles denotes the coefficient 

(3.4.6) A'-j (I aq.si) ^1 ag^s2)) = Ks^s I -i j : :| agisi)"\ 
the transition amplitude inside this real- line circle is 

(3.4.7) (ag,s, I Sf' (fl-cmeo) | Ogisi)- 

From (3.4.6) and (3.4.7) we derive the factor m^^^^iq) corresponding to the real- line 
circle in figure 3.2.4, figure 3.4.1.D and figure 3.4.2.D to be -A (see (3.4.1)). 
The dotted- line circle with three speckles denotes the coefficient 

= \jd'x: ^l^A^^f :| a^,s.c^^x)}-\ (3.4.8) 

the transition amplitude inside this dotted- line circle is 

(3-4.9) (o,^,^ I ^i^) {go,meo) \ a^^.^c^,^)- 

From (3.4.8) and (3.4.9) we derive the factor 5^-22(92, Qi) corresponding to the 

dotted-Hne in figure 3.4.3.B to be —^goC (see (3.4.2)) and the factor gf^'i{q2,qi) 
corresponding to the dotted-line in figure 3.4.4.B to be —goL (sec (3.4.3)). 
The real- line circle with three speckles denotes the coefficient 

■^gf^ (I CgisiCg'A) ^1 09282)) 

= {(09282 I j d^x: -i^'^^A'^ip' :| aq^s.Cg, x)}~^ , (3.4.10) 
the transition amplitude inside this real- line circle is 

(3.4.11) {aq^s2 I Sf^ igo,meo) \ a^^siCq^x)- 

From (3.4.10) and (3.4.11) wc derive the factor .g^^]2('i'2j 9i) to be —\goC (see 

(3.4.2) ) and the factor g^^]z{q2,qi) to be —g^L (see (3.4.3)). 

4. The first supplementary Feynman rule still applies to the scicond sort of 
corrections. In this case, an explanation for the rule is shown by the figures 3.2.2 
and 3.3.2. The examples are the figures 3.4.1.B, 3.4.1.D and 3.2.4. 

Because; the two sorts of corrections must simultaneously exist, both must simul- 
taneously be considered, and both should be corrected to the same loop-number. 
For the reason, we define 'whole Feynman diagram group with n-loop'. 

If one group of Feynman diagrams corresponding to the same initial 
state and final state contain complete diagrams with n-loop coming from 
Sw^ (goj'iTT'eo) and S^j^^ {go,meo) , the group of Feynman diagrams is called 
'whole Feynman diagram group with n-loop' (WFDGNL). 
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For example, the figures 3.1.1-2 ; the figures 3.4.1.A-D, the figures 3.4.2.A-D, 
the figures 3.4.3.A-B and the figures 3.4.4.A-B; or the figures 3.2.1-4, the figures 
3.3.1-2 are respectively a WFDGIL. 

Taking the figures 3.4.1.A-D as an example, we explain construct of a WFDGIL. 
Because there is the contribution g^^j-^ of the figure 3. 4.1. A for g'^p , there must be 
the contribution gj^^i of the figure 3.4.1 C. Because the contribution (/j.^^ originates 
from Tn^eff^ there must be the contribution originates from trS^f^ which is shown 
in the figure 3.4.I.B. Because the contribution g^j^i originates from nieww , there 

must be the contribution originates from m^^j which is shown in the figure 3.4. ID. 
By such method we easily construct a WFDGIL. Figure 3.4.1A-D contain the 
complete 1-loop corrections to a F-vertex derived from figure 3. 4.1. A, hence the 
figures 3.4.1.A-D form a WFDGIL. Similarly, we can obtain the WFDGlLs as 
shown by the figures 3.4.2, 3.4.3 and 3.4.4. Thus, we see that because {go, rneo) 
and Sf (go, m^o) together determine 1-loop corrections to a F- or W-amplitudc. for 
an arbitrary scattering amplitude, there must be a WFDGNL which determines 
the total n-loop correction to the scattering amplitude. From this we obtain the 
following Feynman rule. 

The third supplementary Feynman rule: 

For an arbitrary scattering amplitude, we should firstly determine a 
WFDGNL corresponding to the amplitude, then sum up the integremds 
of the WFDGNL, last carry out the integral. 

The Feynman rules in the second chapter and the three supplimentary Feynman 
rules fully determine the method evaluating a scattering amplitude by and Sf. 
The properties of a WFDGNL are as follows. 

1. The integrands causing divergence in a WFDGNL must cancel each other out, 
thereby the Feynman integral of the WFDGNL must convergent. For example, the 
correction to mg/o coming from the WFDGIL composed of figure 3.1.1-2 is (1.1.1); 
from the Feynman rules, (3.3.17), (3.4.2) we obtain the second sort of correction 
gf^ to gf^ coming from the WFDGIL Fig. 3.4.3.A-B is 



9f2 = S'//2 (P2 , Pi ) + .gfia (92 , qi ) 
C + IL^^l{k)D-l (fc) 



1 

= 



= ^goU^^l{k)D-lik), k=p2-pi, (3.4.12) 

from (3.3.21) and (3.4.3) we obtain the third sort of correction g^^^ to g^^ coming 
from the WFDGIL figure 3.4.4.A-B is 



gfi iP2 ,Pi) = 9f% iP2 ,Pi)+ gy^3 (92 , qi 



,(1) 



(1) 



= 50- 



= 50 



^P2 



+ 9oL - goL 



u 



P2S2 7^'l'piSlCkj^^ 



(3.4.13) 
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Analogously to (1.1.1), we should firstly sum up the integrands in a WFDGNL, 
then complete the integral. But for shortness' sake, we directly give the results 
above. 

2. A WFDGNL always as a whole appears in a more complicated diagram or 
exists by itssclf. For example, the WFDGIL composed of figure 3.1.1-2 is a part 
of the WFDGIL composed of figure 3.4.1.A-D. It is possible that a WFDGNL 
appearing in a more complicated diagram is no longer a WFDGNL relative to the 
more complicated diagram. For example, when the WFDGIL figure 3.1.1-2 appear 
in figure 3.4.1.A-B, it is no longer a WFDGNL. But it is necessary that there is a 
new WFDGNL which contains the original group of diagrams, e.g., the WFDGIL 
composed of figure 3.4.1.A-D contains figure 3.1.1-2. 

3.4.2. The total one-loop corrections to gfo. By the Feynman rules we easily obtain 
the corrections to gfo- From (3.4.1) and (3.3.2) we obtain the sum of the two 
amplitudes A^gf^B corresponding to figure 3.4.1.A-B is 

4fAB = (27r)''5'(P2-pi-fc):^np,«,-{Js«(p2)5^/(p2)(-50)7. 



1 



+ 2[-*(27r) ml/^SFf{p2) i-go)l^]}up,,^-j==^^^ 

^ •''4 f Tio — ni — —\ 



(27r) 5^ (p2 -Pi-k) — Up2S2 



•i{B + 5^)(p2)S« (P2)}(-50)7.«P,.,^^^<. (3.4.14) 

From (3.4.1), (3.3.31) and the Feynman rules (3.4.6)-(3.4.9) we obtain the sum of 
the two amplitudes ^g/cu corresponding to figure 3.4.1C-D is 

^s/cr> = («P2S2 I -5/2i(92,gi) j d'^x : tp'-y^A'^^' :| ap^s^cj^x) 

= (27r)* {p2 -pi-k) ^Up2S2 ^-B5o7^Wpisi -^=^==6^^(3.4.15) 

where 

+ j d'^x : i^m[2fiq2)SFw{q2h^go^^}!^ ■■]\a^,siQci\)} 

= -\b (3.4.16) 

From (3.4.14) and (3.4.15) we obtain the transition amplitude ^gVii correspond- 
ing to the WFDGIL figure 3.4.1.A-D to be 

= l(2n)U\p2-p^~k)^ 

(P2)S?i(p2) 9o7t.Up,si-^^y=^e^^. (3.4.17) 
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^giij convergent. Similarly, for the WFDGIL composed of figure 3.4.2.A-D we 
have 

4(1) _ 4(1) .4(1) 

^glL - ^gf2AB + ^gf2CD 

= l{27rfS'{p,-p,-k) 

1 1 

•^Wp2S2fi'o7^Syj (pi) 5^) (pi) Up,,, -^===e^^. (3.4.18) 

Prom (3.4.17), (3.4.18) we obtain the first sort of corrections gfiip2,Pi) to 3/0(92, Qi) 
to be 

4(1) ,4(1) 

4V(P2,Pl) = -^gi-R + -^giL 

(ap2S2 I - / d^a; : -(/> -y^A'^^p' :| api,,,CkiA) 

= y"p2S2{7^S^^j (pi) 5^) (pi) + 5^) (pa) S/i (P2) 7,.}wpisie^^ 

•(«P2S2 7,.Wp,sie^^)-^ (3.4.19) 

Fcynman diagrams corresponding to any process must be composed of some WFDGNLs. 
Sum of WFDGNLs must be covergent. The sum of WFDGNLs 3.4.1-4 is the total 
one-loop correction g^f\p2,Pi) to 5/0, 

(3.4.20) gf{V2,Pi) = 9^j^{p2,Pi)+9f^{p2,Pi)+gf^{p2,Pi). 
From (3.4.12), (3.4.13) and (3.4.19) we see 

(3.4.21) gf^ip2,Pi) is finite, gf\q2,qi) = 0- 
Substituting (3.4.20) into (3.2.1), we have 

(3.4.22) gf-'"'"'\p2,Pi) = go + gf{P2,Pi), gf-''""'\q2,qi) = go- 
Analogously (3.4.22), we can prove 

g'^-'""''Hp2,Pi) = go + g'^Hp2,Pi) = gf~''"^\p2,Pi) = g^^-''""'\p2,Pi), 

g^^-''"^\q2,qi) = go. (3.4.23) 

From (3.4.1) and (3.2.1) we obtain the total 1-loop correction to rrieo to be 
(3.4.24) 

mi)\q) = mi)%) + m«^(«) = m«^(«) + m«^(9) = "1^(9) ^ m«(g) = 0, 

^{i-ioop) ^ _|_ ^a) ^ ^ 

= m(j7'-f)(g) = m(i-'-f)(g)=0. (3.4.25) 

Replacing go by g^^~''"°^\p2,Pi) and meo by ml^~'°°^^(g) in Sf{go,meo) and 
(50, rueo) , we obtain 

(3.4.26) Sf-"""^^ ^ Sf {gf-"""'^{p2,PiW-'"''P\q)) , 



(3.4.27) 



5a-W) ^ 5^ (55^-'°°^'(p2,Pi),m(i-'-^')(g)) 
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Because only when p = q, i.e. for a free F- or W-electron, the definitions of the 
masses (2.3.17) and (2.3.20) are meaningful, we take p = q in m^^~''°°Ph We can 
prove 

and when p ^ q, rae{p) must be attributed to correction of a vertex, in the 
perturbation theory, we may consider only corrections to a vertex in or 

5(1 — loop) 
w 

All scattering amplitudes corrected to 1-loop diagrams evaluated by (3.4.26) or 
(3.4.27) are finite. Prom the deductive process above we see that in contrast with 
the conventional QED, there is only one sort of parameters ( mass and charge at 
the subtraction point) which are finite and measurable, there are the two sorts of 
corrections originating 5/ and S^, all Feynman integrals are covergent and it is 
unnecessary to introduce regularization and counterterms in the present theory. It 
is easily seen that the one-loop corrections derived by the present theory are the 
same as those derived by the given QED. 

According to the present theory, there is no correction to any cixternal line, cor- 
rections to the mass of a free particle must be zero, and corrections to a propagator 
can be attributed to correction to the two vertexes joining it, hence we may consider 
only one sort of corrections, i.e., the sort of correction to a vertex. 

3.5. n— loop corrections for the coupling constants and the masses. The 

method deriving 

g(i-ioop) ^ (^gf-^""P\m^^-ioop)^ and S^^-^'^'p^ = m^^-'^^f)) 

from Sf (go,Weo) and (ffOjWeo) can be generalized to derive ^i^j 
gii"-+''-)-''°°p) from and Sw~''°°^^ ■ The recursion method is as follows. 

Assume Sf mi""'"''^^) and (^g{n-ioop) ^^in-ioop)^^ ^^^^^ 

n 

g(n-loop) ^ gin-loop) ^ gin-loop) = ffO + E -"''^ (P^.Pl) , 

'i=l 

(P2,pi) = g^:Hp2,Pi) = r/'Hp2.Pi) , ff*"-'""^) (<?2,(?i) = <?o, 

n 

in-loop) ^ „(n-^oop)^^(„-;oop)^^)^^^W^^)^0^ 



m 



i=l 



g^^^ and mi^^ denote i—loop corrections to go and rrieo, respectively. We can evaluate 
mgjj"^^ {p) and m'^J^^^ = — m^^^^^ {q) by virtue of and ml^^V^ (p) and 

"^e/i^^ ~ — "^eu;V^ (?) by virtuc of S^~''°°^\ It can be proven 





(n+l) 


(n+l) 
= ™e/^ 




mg+^^(p) + 


(n+l) 


= m("+i) 

'"■eww 


ip) + 


'(n+l- 


'"°"\p) 


'""eww 


—loop) 
—loop) 



"ewf 

Kp) 

)(p) = m("-'°°f)(p) + m^("+i)(p), 
m;("+i)(g) = 0, m'j''+^-^°''P\q) = 0. (3.5.1) 
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T-i 1 . (n — loop) ■ r^(n — loop) i ^(n— /oop) i f(n-\-l—loop) , , 

Kepiacmg nie m b} and bw by We , we obtain 



(3.5.2) g'(n+l-loop) ^ 



g(n-loop) ^ ^l(n+l-loop)\ 



(3.5.3) s:(n+l-loop) = 5^ l^^(n-ioop)^ ^/Jn+l-;oop)^ _ 

We can evaluate .9/}^^' (P2,Pi) and ffi"/^^ = "^//^^^ (92,gi) by and 
Qww {P2,Pi) and gy^ = -giuw {q2, qi) by It can be proven 



_ g{n-loop) 



{P2,Pi) + 9^''+'Hp2,Pi) , 



5^"+'H92,gi) = 0, g^"+'-'""^H<l2,qi) = 90. (3.5.4) 

Replacing ^("-'-p) and mi""'''"^) in 5}"-'°''^^ and 51""'°°^) by ^C^+i-'-f) and 
fn+i-ioop) obtain 



(3.5.5) g{n+l-loop) ^ ^^^n+l-loop) ^ ^{n+l-loop)^^ 



(3.5.6) g{n+l-loop) = ^g(n+l-loop) ^ ^(n+l-loop)^ _ 

^("+1) (p2,Pi) is finite. 

It must be noted that all 'rn^PJ'^\ dw/^^ ^ 9^pw^^ ^'^^ independent of 

momenta p2, pi and fc, since they arc defined at the subtraction point. All scat- 
tering amplitudes approximate to (n+l) — loop diagrams evaluated by virtue of 
g({n+i)-ioop) g(Xn+Vj-ioop) finite. Detailed discussion will be given in an- 
other paper. 



4. Generalize to the SU{2) x U{1) electroweak unified model and 
interaction between w-matter and f-matter 

4.1. Generalize to the SU{2) x C/(l) electroweak unified model. On the basis 
of the idea we can construct a left-right symmetric electroweak unified model. Tak- 
ing the lepton part of the G-W-S model as example, the corresponding Lagrangian 
density will become 



(4.1.1) 



C = Cf + jl^w ~ Vp — Vw, 
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_ i .pi --F ■ F 

-{d,4>+ + i0+ • Gf ■ Y^i^ + ■ G'f ■ B,) 

-{en-M+-cl>+iPi^+^L<l>-MF-en), (4.1.2) 



(4.1.3) Vf = -(?!.+ ^0+0 •Af-0"^(/>, 

= ±^j,{d, + i-GwY^^-l-G'^-B^)-l^ 
--F^ .Fi--F -F 

-{d^l+ + il+ ■ Gw~^^ + ^0+ • G'^-B^) 

■{^^-^■Gw■^-^£^-'-■G'w■B^)± 

+(1^-M+ •0+V>^+^^0.MweJ, (4.1.4) 



(4.1.5) Vw = -0+ ■nw±+ ^0+0 • Avr • 0+0 

where Gp, G'p, Mp, ^f, ^f, Gw, G'y^, Mw, and Aw are all operators, 

(4.1.6) ^^=( ""j) , en, <t>=( K 



^ Jl 

(4. 1.7) F;, = d^Ai - + Eijk ■ Gf ■ Aj^At 

(4.1.8) F^^ = d^B^ - d^B^, 

(4.1.9) ±.= (7^) " 

R 



(4.1.10) = d^M - d,^^ + £,,fc • Gm. • Ai4, 

(4.1.11) Z^. = 5^^, - d^B^. 
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= ( ° ) , (<^)o =(;;). 

Analogously to the new QED, we can prove for the electroweak unified model that 
all Feynman integrals arc convergent, it is not necessary to introduce counterterms 
and regularization, there is only one sort of parameters which are all finite and 
measurable (at the subtraction point), there is no such parameters as a bare mass 
and a bare charge, and there is no triangle anomaly. The energy of the ground state 
of all fields except Higgs fields is still equal to zero. As the standard electroweak 
unified model, the expectation valves of the Higgs fields are not equal to zero. In 
this case in order to solve the cosmological constant problem we must consider con- 
stribution of Higgs fields. In contrast with the other left-right electroweak unified 
models, there is no unknown massive particles in the present model. A new origin 
of left-right asymmetry is presented. From the model we see that the world is left- 
right symmetrical on principle since Lp + Cw is symmetric, but because both Lp 
and Lw are asymmtric, the world in which we exist is left-right asymmetical in 
fact. 

4.2. Interaction between W-matter and F-matter. There is no interaction 
between W-particles and F-particles by a given quantizable field, hence only pos- 
sibility is that there is repulsion or gravitation of the two sorts of particles. If the 
new interaction is gravitation, it is possible that W-matter is the candidate for dark 
matter PI. 

Because there are the two sorts of particles corresponding to Cw and Lp, the 
energy-momentum tensor T^j, should be written as 

(4.2.1) T^y = Tp^v + Twnv 
Correspondingly, the Einstein's equation should also be written as 

(4.2.2) R^^ - + \9i,u = -SttG {Jp^^ -h Twp.v) ■ 

Because there is no other interaction between the F-particles and the W-particlcs 
except the gravitation, we existing in F-world cannot detect the W-particles by 
other methods except the gravition. Thus, if W-particles exist, they must be the 
dark matter for the F-world. Because the F-world and the W-world arc symmetric, 
it is possible that the W-matter is 50 per cent of all matter in the cosmos. Other 
components of dark matter for the F-world may possibly be other undetected F- 
matter. The world in which we exist, i.e., the F-world, is left-hand world, then the 
W-world is the right-hand world. Thus the right-hand world is the dark matter 
world for the left-hand world, and vice versa. Detail discussion is given in [3] . 

If the new interaction is repulsion, it is possible that W-matter is the origin 
of universe expansion. A.Einstein presented the concept 'dark energy'. If there 
is repulsion between W-matter and F-matter, we identify W-matter with 'dark 
energy'. It is also possible that there is new and more important relationship 
between W-particles and F-particles. We will discuss the problem in another paper 
in detail. 
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5. Conclusions and prospects 



We have presented a new conjecture. According to the conjectures, a particle 
can exist in two forms which are symmetric. From this we have presented a new 
Lagrangian density and a new quantization method for QED. That the energy of 
the vacuum state is equal to zero is naturally obtained. From this the cosmological 
constant is easily determined by astronomical observation values and it is possible 
to correct nonperturbational methods which depend on the energy of the ground 
state in quantum field theory. 

We discuss quantization for interacting fields, derive Feynman rules and scatter- 
ing operators. Since we quantize fields by the transformation operators replacing 
creation and annihilation operators in the conventional QED, it is necessary to re- 
place coupling constants and masses by coupling operators and mass operators in 
the present theory. In contrast with the conventional QED, in the present theory, 
there is only one sort of parameters which are all finite and measurable and the two 
sorts of corrections originating Sf and 5^. 

We have evaluateed the one-loop corrections to the coupling constants and the 
masses of an electron which are the same as those derived by the conventional QED, 
and have supplemented three new Feynman rules and one concept of WFDGNL. A 
complete method to evaluate correction with n-loop diagrams is given. Feynman 
diagrams corresponding to any process must be composed of some WFDGNLs. 
The integrands causing divergence in a WFDGNL will cancel each other out, hence 
correction coming from a WFDGNL must be covergent and it is unnecessary to 
introduce regularization and counterterms. 

On the same basis as the new QED, we obtain naturally a new SU(2) x U{1) 
electroweak unified model whose £ = £f+£w , here £ is left-right symmetric. 
Thus the world is left-right symmetric in principle, but the part in which we exist 
is asymmetric because both Cw and Cp are asymmetic. This model do not contain 
any unknown particle with a massive mass. 

A conjecture that there is gravitation between the W-matter and the F-matter 
is presented and the W-matter is identified as 'dark matter'. It is possible that the 
new interaction is the origin of some cosmic phenomena. 

It is seen that the concepts of the new QED can also be generalized to QCD. 

Caption for figures: 

Fig. 2. 1-2. Contours for propagators, po = Po, ko] w = ■y/m^ + j?, | k | . 
Fig. 2. 1.1. Contours for Spf and Dpf. Fig. 2. 1.2. Contours for Spw and 

Fig. 2.1-2. The Feynman rules. In the table P is an algebraric sum of the 
three 4-momenta meeting at a vertex. Moreover, there is an overall minus sign 
corresponding to a closed fermion loop. 



Fig.2.2.1A 



Fig.2.2.1B 
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Fig.2.2.1C 
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—I 



1^ k'^ — is 



1 
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Fig.2.2.1D 

Fig.2.2.1E 

Fig.2.2.1F 

Fig.2.2.2A 
Fig.2.2.2B 

Fig.2.2.2C 
Fig.2.2.2D 
Fig.2.2.2E 
Fig.2.2.2F 



1 



Ups (ingoing) or —r=Vps (outgoing) 



-^Mps (outgoing) or '^'"^^ (ingoing) 



go'y,(2n)U'(P) 

-i (™ - *P7)a/3 



(27r)'* + + ie 



^ (2Tr)^k^ + ie J 



-^'"ps (ingoing) or l)^^^^ (outgoing) 



-^=Vps(outgoing) or —^Ups (ingoing) 



1 



-.et^, A = 1,2. 



VVuk 

Fig.3. 1.1-2. A WFDGIL representing the two sorts of corrections to the scat- 
tering ampHtude Am(\ a^s) — >| aqs))- Fig. 3.1.1 represents the contribution of 
rrig^j (q) ; Fig. 3.1.2 represents the contribution of TOgj^ (q) , and the dotted- hne 

circle in Fig. 3.1.2 represents m'"^^^ (q) . 

Fig.3. 2. 1-4. A WFDGIL representing the one-loop corrections to Spf (p) with 
its two vertices. Fig. 3.2. IL represents the contribution of A^j^ (corresponding 
to gf\fi (p))- Fig. 3.2. IR represents the contribution of A^^^ (corresponding to 

gfjfi (p))- 

Fig. 3.2.2 represents the contribution of gf^]:^i (p) (equivalent to We/u; (?))' ^^'^ 
the dotted- line circle in Fig. 3.2.2 represents rn^^^^ (q) ■ 

Fig. 3.2.3 represents the contribution of g'f^l^^i (q2, qi) , the dotted- line circle in 
Fig. 3.2.3 represents (^2, gi) • 

Fig. 3.2.4 represents the contribution of gfljfi (q2,qi) , the dotted- line circle in 
Fig. 3.2.4 represents gfj^fi (q2, qi) ■ 
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Fig. 3.3.1-2. A WFDGIL representing the one-loop corrections to Dpf {k) with 
its two vertices. Fig. 3.3.1 represents the contribution of g^^j^ (^) • 

Fig. 3.3.2 represents the contribution of g^fj^2 (92, Qi), and the dotted- Hne circle 

in Fig. 3.3.2 represents ^j-^a (92, ^i) ■ 

Fig. 3.4.1-4. The total one-loop corrections to the scattering amplitude 
Ag (I OpisjCkA) ^1 ap^s^)) ■ 

Fig. 3.4.1 is a WFDGIL representing the contributions of the first sort. Fig. 

3.4.1A-D represent the contribution of gf}^., (pa) , .gj. Iwi (^2) , gf lu^.i (52, gi) and 
gf\,fi{q2,qi) in turn, the dotted- lino circle in Fig. 3.4. IB, C, D represents 

gfjwi («) ' 9fl,n,i («2, gi) and gfl,j^ (ga, gi) in turn. 

Fig. 3.4.2 is a WFDGIL representing the contributions of the first sort. Fig. 
3.4.2A-D represent .gj.^].^.^ (pi) , gfj^^^ (pi) , (92, gi) and gf^^ ^-^ (g2, gi) in turn, 

the dotted- line circle in Fig. 3.4.2B, C, D represents g^Pf^i (g) , 9^f\}wi (92,gi) and 

5/11/1 (92, gi) in turn. 

Fig. 3.4.3 is a WFDGIL representing the contributions of the second sort. Fig. 
3.4.3A-B represent the contributions of g^jg (^) '^^'^ 3^fwi (^2, gi) in turn, the dotted- 

line circle in Fig. 3.4.3B represents .gj-^2 (^2, gi)- 

Fig. 3.4.4 is a WFDGIL representing the contributions of the third sort. Fig. 
3.4.4A-B represent the contributions of (j^jg (p2,Pi) and g^^s (12, Qi) in turn, the 
dotted- line circle in Fig. 3.4.4B represents 5/^3 (92, gi)- 
Appendix A: 

All physics quanties of the vacuum state are zero, hence we have 

I otps) =1 0) I aps) =1 aps) I 0), (A.la) 
{aps I = {aps I (0 1= (0 I {aps |, (A.lb) 
I 0)=|0)|0). (A.lc) 

Thus I TikA) and | Uj^^) can also be represented by 

I nkA) = ^1 CkA ^1 0) • • • I CkA ^1 0), (A.2a) 
Vnb V ' 

n 

I ZikA) = 4=f|CkA^|0)---|CkA^|0). (A.2b) 
vn!^ V ' 

n 

The inner product of two states must be defined as a number. According to (A. 2), 
only when the number of single-particle bras of a state is the same as the number 
of single-particle kets of other state, is it possible that the inner product of the two 
states is not equal to zero. It can be seen from (A.l) that we always have the two 
numbers to be the same by suitably supplement the number of | 0) or (0 | . Hence in 
order to carry out the inner of two states, we should first havc^ the two numbers are 
equal to each other. We define the inner product of two sates to be such a product 
obtained by the way. For example, 

{aps I (aps I • I aps) = (aps | (aps | • | aps) | 0) 

= {aps I • I 0) = 0. (A.3) 
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It is obvious according to the definition that for an orthonormal set, the inner 
product of two different states must be zero. This result is the same as those 
obtained by (1.3.19). 

Appendix B: 

A possible definitions /p etc. are as follows. 

Ip = ^(Up)e + r?+(^-pl), 

/+ ^ -L(e+(ap| + |6_p)r?), (B.l) 



(B.3) J+^i=((ck|e-''^ + e'nc_k)) 



7p = -L(|6p),7 + C+(«_p|), 

7+ ^ _L(,,+ (6p I + I a_p)0, (B.4) 



(B.5) Jk= -^(1 Ck)e'^ + e-'^(c_k I), 



(B.6) j+^_L((c^|e-v + e'^|c_k)), 

where all ^, rj and are Grassman numbers, and 2^ > > 0. We define the 
inner products of the base vectors as follows 

(B.7) Zp ■ Z'^, = Tr j {d^dt + dr?dr;+)ZpZ;, = Z'^, ■ Z^, 



■t p27r 

(B.8) Fk • Y;,, = —Tr | d^Y^V;,, = F^' • Y^, 

where Zp, Z^, = Ip , Ip , Lp and Ip , Ik, Y^, = Jk, , d.]^ and jj. We define 
(B.9) Tr{ap \ ■ \ a'p,) = -Tr | a'p,){ap \= Sc^^^Spp,, 



(B.IO) Tr(7k I • I 7k') = Tr | 7k')(7k 1= ^77"^kk'. 
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From (B.l)-(B.IO) wc can obtain (1.3.26)-(1.3.28), e.g. 



lit^i^p I •|v)+^V(ap|(6_p, I 

I ^-p) l«p')+W+ IM(&-p' 1} 

= ^rr{(apl«p')-|^-p)(^-P'l} 

= ^pp,=/p,./+, (B.ll) 

, 1 /■27r 1 

Zk-Zk' = ^TrJ^ dv-{{c^\cu')+e'^^\c.u)\(^,) 
+(ck I (c-k' I e-'^^+ I c_k)(c-k' 1} 

= ^Tr{(ck I Ck')+ I c-k)(c-k' 1} = <5kk'- (B.12) 

Zp and Yk are always regarded as a whole, hence when an operator or a state is 
multiplied by Zp or Yk, we must first accomplish third inner, e.g., 

(B.13) Zp- t(r\=Tr j {d^d^+ + dr]dr]+)Zp ^a\=Q. 

Analogously to (B.13), we have 

^ a \ ■Zp= {a \ Zp = Zp - {a \ 

= Yu-t(T\=tcT\-Yi, = {a\-Y^ = Yu-{a\=0. (B.14) 

Thus we have 

(B.15) [tcT\,Zp] = 0, [Yu,t(T\] = 0. 

According to the definitions(B.l)-(B.10), J_w and J.^ etc. form respectively vector 
spaces. Wc call such a space which takes as a base vector the Jk — space, etc.. 

Appendix C: 

The equal-time anticommutation or commutation relations of such operators as 
t apsit) I are the same as (1.316)-(1.3.17). Prom (1.3.16)-(1.3.17) and (1.3.28) or 
(B.15) we have 

[Ip t apsit) I, I ap^s2 (t) apisi (t) |] 

= Lp< OpiSl (t) I Sppjss2, (C.l) 

[ I bpsit) ^ /(_p), I &(_p,),, (t) 6(_p,)«, (t) |] 

= -'5p(-p,)'5sS2 I ^(-Pl)si (t) >I(-p), (C.2) 

[ I bps{t) ^ /(-p), ^ h-P2)s2 (*) K apisi (*) |] 

= Z(-p) ^ flpiSl (i) I '^p(-P2)^SS2> (C.3) 

[Ip ^ ap,{t)l\ap2S2{t)^\h-p,)srit)^] 

= Sppjss2 I ^-pi)ai (*) > Lp, (C.4) 
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[Jp < aps{t)\,\b^-p,)sAt)^th-P2)s2{t)\] 

= [| bps{t) ^ I(_p), I ap2S2 (i) >^ flpisi (t) |] 

= [Ip ^ aps(*) l< h-P2)B2 (*) 1^ Opi«i (*) l] 

= [| bps{t) > I(_p), I ap^s2 {t) ^1 &(-pi)si (i) ^] = 0. (C.5) 

Substituting (2.4.1)-(2.4.3), (C.1)-(C.6) and 

(C.7) V (^) = -4 ^ (ip < ap«(0 I Wp,e'P-+ I 6p,(t) > /(_p)^;p,e-^P-) , 

^ ps 

into (2.2.18), i.e., 

(C.8) (x) = -i[i> (x) , H] = (x) , if^], 

we obtain (2.2.14). 

Prom (2.2.20) we have 

(C.9) [j^ t CkA(t) I, I C(_k'A') (t) ^] = ijH-k')Sxx', 

(C.IO) [| CkA(i) ^ i^_^,y t Cy^'X'it) \] = -i(_^,)5k(-k')'5AA', 

LZk ^ CkA(i) |,^Ck'A'(i) |] 

= [|ckA(t)^J(_k,),|C(_k'A')(i)^]=0. (C.ll) 

[Jk ^ CkA(t) |,|ck'A'(i)^^<Cka'(i) |] 

= l^<Ck'yit)\j_Jkk'Sxx' (C.12) 

= -i(_k.) I Ck'A' {t) > <5kk"^AA' (C.13) 



(C.14) J2^i^A- = ^>^- 

A=l 

Substituting (2.4.1), (2.4.3), (C.9)-(C.13) and 

1 1 ^ 

(^) = ^ IZ^^^i^L ^ '=kA(i) I e 



ikx 



k ^ A^l 

ikx\ 



+ I CkA(t)>j(_^)e-'^-), (C.15) 

TT, = 4(x)^^^y^^e^,(i^<CkA(t)|e^'^- 
- I CkA(t)^i(_k)e-'''-), (C.16) 
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into (2.2.18), i.e., 

(C.17) A^,{x) ^ -i[A^,{x) ,Hf], -^t, ^Af, -i[7r^(x),i/F], 

we obtain (2.2.15). It is seen that (2.2.18) is consistent with (2.2.14)-(2.2.15). Anal- 
ogously, from (2.4.4)-(2.4.6) we can prove (2.2.19) to be consistent with (2.2.16)- 
(2.2.17). 
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